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[54] [Title of the Invention] POSITION-DETECTING METHOD AND 
DEVICE, OPTICAL-CHARACTERISTIC MEASURING METHOD AND 
INSTRUMENT, LITHOGRAPHIC PRINTER AND DEVICE -MANUFACTURING 
METHOD 

[57] [Abstract] 
[Abstract] 

[Problem] To detect a position of a spot image with accuracy. 
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[Means for Resolution] An analytic data distribution is 
prepared from an imaging result (step 122) and a number is 
determined that includes odd and even numbers defining an 
analytic width as to the analytic data distribution (step 123) . 
Subsequently, a first estimated position is determined by the 
analysis with a predetermined algorism concerning the analytic 
data distribution based on the analytic width defined by the 
determined odd number, and a second estimated position is 
determined by the analysis with a predetermined algorism 
concerning the analytic data distribution based on the 
analytic width defined by the determined even number (step 124) 
Then, a spot image position is detected depending upon the first 
and second estimated positions and the nature of the 
predetermined algorism (step 125) . 
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[Claims ] 
[Claim 1] 

A position detecting method that detects a position of 
a spot image taken, the method comprising: 

a first step of preparing an analytic data distribution 
from pixel data the spot is taken an image; 

a second step of determining a plurality of numbers 
including a first number that is an odd number and a second 
number that is an even number, as numbers defining an analytic 
width concerning the analytic data distribution, for use in 
detecting a position of the spot image with respect to a 
predetermined direction; 

a third step of determining at least one first estimated 
position of the spot image with respect to the predetermined 
direction on each of odd numbers in the plurality of numbers, 
depending upon data of pixel positions in the odd number 
arranged in the predetermined direction about a first pixel 
position assuming a maximum value in the analytic data 
distribution; 

a fourth step of determining at least one second 
estimated position of the spot image with respect to the 
predetermined direction on each of even numbers in the 
plurality of numbers, depending upon data of pixel positions 
in an even number arranged in the predetermined direction about 
a boundary between the first pixel position and a second pixel 
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position assuming a greater data value within two pixel 
positions adjacent the first pixel position with respect to 
the predetermined direction in the analytic data distribution; 
and 

a fifth step of determining a position of the spot image 
with respect to the predetermined direction, depending upon 
the first and second estimated positions. 
[Claim 2] 

Aposition detecting method according to claim 1 , wherein 
the analytic data distribution is a data distribution obtained 
by taking a sum over a plurality of pixel strings that are along 
the predetermined direction different in position concerning 
a direction orthogonal to the predetermined direction. 
[Claim 3] 

A position detecting method according to claim 2 , wherein 
the plurality of numbers are each equal to or smaller than a 
maximum number of numbers which pixel data equal to or greater 
than a predetermined value is arranged successively along the 
predetermined direction in a pixel data distribution of the 
spot image . 
[Claim 4] 

A position detecting method according to claim 1 , wherein 
the analytic data distribution is a data distribution obtained 
by taking a sum over a plurality of pixel strings in the 
predetermined direction different in a position concerning a 
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direction orthogonal to the predetermined direction, as to 
pixel data equal to or greater than a predetermined value. 
[Claim 5] 

A position detecting method according to claim 4 , wherein 
the plurality of numbers are each equal to or smaller than a 
maximum number of numbers which pixel data equal to or greater 
than the predetermined value is arranged successively in a 
predetermined direction in the image data distribution of spot 
images . 
[Claim 6] 

A position detecting method according to claim 3 or 5, 
wherein the first number is an odd number most approximate to 
the maximum number while the second number is an even number 
most approximate to the maximum number. 
[Claim 7] 

A position detecting method according to any one of 
claims 1 to 6, wherein the plurality of numbers are one odd 
number and one even number. 
[Claim 8] 

A position detecting method according to claim 7 , wherein, 
in the fifth step, a position minimal in estimated error is 
determined as a position of the spot image with respect to a 
predetermined direction among the first and second estimated 
positions and an average position over the first and second 
estimated positions. 
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[Claim 9] 

A position detecting method according to claim 7 , wherein, 
in the fifth step, a position of the spot image with respect 
to a predetermined direction is determined by determining a 
weighted average over the first and second estimated 
positions . 
[Claim 10] 

A position detecting method according to claim 1 , wherein 
the analytic data distribution is a discrete column data 
distribution concerning a pixel string along at least one 
predetermined direction, 

the plurality of numbers being determined on each 
discrete column data distribution, 

in the fifth step, a position of the spot image with 
respect to the predetermined direction depending upon the 
first and second estimated positions being determined on each 
of the discrete column data distributions. 
[Claim 11] 

A position detecting method according to claim 10, 
wherein the plurality of numbers, concerning respective 
discrete column data distributions, are each equal to or 
smaller than a number of arrangement which pixel data equal 
to or greater than a predetermined value are arranged 
successively along the predetermined direction in each of the 
discrete column data distributions. 
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[Claim 12] 

A position detecting method according to claim 11, 
wherein the first number is an odd number most approximate to 
the number of arrangement while the second number is an even 
number most approximate to the number of arrangement. 
[Claim 13] 

A position detecting method according to any one of 
claims 10 to 12, wherein the plurality of numbers are one odd 
number and one even number . 
[Claim 14] 

A position detecting method according to any one of 
claims 10 to 13, wherein the fifth step includes a sixth step 
of determining a discrete estimated position in each of the 
discrete column data distributions depending upon the first 
and second estimated positions in each of the discrete column 
data distributions, and a seven step of determining a position 
of the spot image with respect to the predetermined direction 
in each of the discrete column data distributions. 
[Claim 15] 

A position detecting method according to claim 14, 
wherein the seventh step determines a position of the spot image 
with respect to the predetermined direction by determining a 
weighted mean over the discrete estimated value in accordance 
with a statistic reliability on each of the discrete estimated 
values . 
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[Claim 16] 

A position detecting method according to any one of 
claims 1 to 15, wherein the estimated position is calculated 
by a center-of -gravity method. 
[Claim 17] 

A position detecting device that detects a position of 
a spot imaging, the position detecting device comprising: 

a preparing device that prepares an analytic data 
distribution from pixel data of the spot image taken; 

a determining device that determines a plurality of 
numbers including a first number that is an odd number and a 
second number that is an even number, as numbers defining an 
analytic width concerning the analytic data distribution, for 
use in detecting a position of the spot image with respect to 
a predetermined direction; 

an estimated-position calculating device that 
calculates at least one first estimated position of the spot 
image with respect to the predetermined direction on each of 
odd numbers in the plurality of numbers, depending upon data 
of pixel positions in the odd number arranged in the 
predetermined direction about a first pixel position assuming 
a maximum value in the analytic data distribution, and at least 
one second estimated position of the spot image with respect 
to the predetermined direction on each of even numbers in the 
plurality of numbers, depending upon data of pixel positions 
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in an even number arranged in the predetermined direction about 
a boundary between the first pixel position and a second pixel 
position assuming a greater data value within two pixel 
positions adjacent to the first pixel position in the 
predetermined direction in the analytic data distribution, on 
each of even numbers of among the plurality of numbers; and 
a spot-position calculating device that a position of 
the spot image with respect to the predetermined direction, 
depending upon the first and second estimated positions. 
[Claim 18] 

An optical-characteristic measuring method that 
measures an optical characteristic of a detecting optical 
system, comprising : 

an image forming step of wavef ront-splitting light 
passed through the detecting optical system and forming a 
plurality of spot images; 

an imaging step of taking a plurality of spot images; 

a position detecting step of detecting positions of the 
plurality of spot images taken in the imaging step by using 
a position detecting method according to any one of claims 1 
to 16; and 

an optical-characteristic calculating step of 
calculating an optical characteristic of the detecting optical 
system depending upon the positions of the plurality of spot 
images detected in the position detecting step. 
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[Claim 19] 

An optical-characteristic measuring method according to 
claim 18, wherein the optical characteristic is a wavefront 
aberration. 
[Claim 20] 

An optical-characteristic measuring instrument that 
measures an optical characteristic of a detecting optical 
system, comprising : 

a wavefront splitter that wavef ront-splits light passed 
through the detecting optical system is wavef ront-split and 
forms a plurality of spot images; 

an imaging device that takes a plurality of spot images; 

a position detecting device that detects positions of 
the plurality of spot images taken by the imaging device, 
according to claim 17; and 

an optical-characteristic calculating device that 
calculates an optical characteristic of the detecting optical 
system depending upon the positions of the plurality of spot 
images detected by the position detecting device. 
[Claim 21] 

An optical-characteristic measuring instrument 
according to claim 20, wherein the wavefront splitter is a 
microlens array arranged with lens elements 
two - dimens i onal ly . 
[Claim 22] 
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A lithographic printer that transfers a predetermined 
pattern onto a substrate by illuminating exposure light to the 
substrate, the lithographic printer comprising: 

a printer body having a projection optical system 
arranged on an optical path of exposure light; and 

an optical-characteristic measuring instrument 
according to claim 20 or 21. 
[Claim 23] 

A lithographic printer according to claim 22, wherein 
the optical-characteristic measuring instrument is removable 
from the lithographic printer. 
[Claim 24] 

A device-manufacturing method including a lithography 
step, wherein the lithography step performs printing by use 
of the lithographic printer according to claim 22 or 23. 

[Detailed Description of the Invention] 

[0001] 

[Technical Field to Which the Invention Belongs] 

The present invention relates to a position-detecting 
method and device, optical-characteristic measuring method 
and instrument, lithographic printer and device-manufacturing 
method, and more particularly to a position-detecting method 
and device that detects a position of a spot image formed by 
a predetermined optical system, an optical-characteristic 
measuring method and instrument that measures an optical 
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characteristic of a detecting optical system by use of such 
position detecting method, a lithographic printer having such 
an optical-characteristic measuring instrument, and a 
device-manufacturing method using the lithographic printer. 

[0002] 

[Prior Art] 

In the lithography to manufacture a semiconductor device, 
a liquid-crystal display device or the like, a lithographic 
printer is conventionally used to transfer the pattern 
(hereinafter, referred also to as a "reticle pattern") formed 
on a mask or reticle (hereinafter, referred generally to as 
a "mask") onto a substrate, such as a wafer or a glass plate 
(hereinafter, appropriately referred generally to as a 
"substrate") , applied with resist, etc. through a projection 
optical system. Such a lithographic printer mainly uses a 
stationary type lithographic printer , e.g. so-called a stepper , 
or a scanning type lithographic printer, e.g. so-called a 
scanning stepper. 
[0003] 

The lithographic printer is required to project the 
pattern formed on the reticle onto a substrate with resolution 
and fidelity. For this reason, the projection optical system 
is designed to have a well optical characteristic that 
aberrations are fully suppressed. 
[0004] 
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However, there is a difficulty in making up the 
projection optical system perfectly as design. On the 
projection optical system actually produced, there remain 
aberrations resulting from a variety of factors. Therefore, 
the projection optical system in actual production has an 
optical characteristic that is different from the optical 
characteristic in design. 
[0005] 

In this situation, various techniques are proposed to 
measure an optical characteristic, such as aberration, in such 
a detecting optical system as a projection optical system 
actually fabricated. Of among the various proposals of 
techniques, a spherical wave caused using a pinhole is incident 
upon the detecting optical system. The pinhole image passed 
the detecting optical system is once converted into collimated 
light whose wavefront is split into a plurality. A spot image 
is formed on each split part of the wavefront, to measure a 
wavefront aberration through the detecting optical system 
depending upon a forming position of the spot image on each 
divisional wavefront, to which wavef ront-aberration measuring 
technique an attention has been drawn. 
[0006] 

Such a wavef ront-aberration measuring instrument can be 
easily constructed by employing, say, a microlens array 
arranged with a multiplicity of small lenses along the 
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two-dimensional plane parallel with the ideal wavefront of 
collimated light, as a wavefront splitter for dividing the 
wavefront of incident light and forming spot images on the 
split-wavef ront basis . The multiplicity of spot images formed 
by the microlens array are taken by an imaging device, such 
as CCDs, to detect a spot image position by determining a 
center-of -gravity of spot-image waveforms by the 
center-of -gravity method or by determining the maximal 
correlated position of the spot images to a template waveform 
through correlational method. Thus, a wavefront aberration 
is determined from the deviations of the detected spot-image 
positions relative to the design position. 
[0007] 

[Problem that the Invention is to Solve] 
The center-of -gravity and correlational methods, 
employed in the prior art, are highly resistive to noise and 
excellent methods in a general sense. However, those are not 
necessarily effective where to detect spot-image positions 
with a small number of pixels (effective number of pixels of 
5 (in the row direction) by 5 (in the column direction) and 
at an accuracy by far smaller (e.g. at an accuracy of 
approximately 1/100 - 1/1000 of pixel size) than the pixel size. 
[0008] 

Namely, in the conventional center-of -gravity method, 
spot positions on principle could not be detected at a desired 
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accuracy. Meanwhile, in the correlational method, positional 
detection is not available with swiftness because of the need 
to make a correlated operation to a number (approximately 100 

x 100 - 1000 x 1000) of template waveforms. 
[0009] 

However, from the request of improving the printing 
accuracy together with the recent increase of integration, 
there is desired to detect a spot-image position at a precision 
by far smaller than the pixel size through a smaller number 
of pixels in the spot image, in measuring a wavef ront aberration 
as to a projection optical system. 
[0010] 

The present invention has been made under the 
circumstances. It is a first object to provide a position 
detecting method and device capable of detecting a spot image 
position with swiftness and accuracy even where there is a small 
number of pixels in a spot image. 
[0011] 

A second object of the invention is to provide an 
optical-characteristic measuring method and instrument 
capable of measuring an optical characteristic of a measuring 
optical system. 
[0012] 

A third object of the invention is to provide a 
lithographic printer capable of transferring a predetermined 
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pattern onto a substrate with accuracy. 
[0013] 

A fourth object of the invention is to provide a 
device-manufacturing method capable of producing a highly 
integrated device having a precise pattern. 
[0014] 

[Means for Solving the Problem] 

According to the findings the present inventor obtained 
from the result of study, in case an algorism such as a 
center-of -gravity method is used where there are small number 
of pixels in a spot image taken, spot image position can be 
detected with accuracy if taking the number of pixels- to-use 
odd in a predetermined direction when the spot image position 
is around a center of pixels in a predetermined direction. 
Meanwhile, when the spot image position is around a side edge 
in a predetermined direction of pixels, in case the number of 
pixels- to-use in a predetermined direction is even, spot image 
position can be detected with high accuracy. However, in other 
spot image positions, the accuracy of positional detection 
lowers even if the number of pixels is taken as an odd number 
or an even number. The lowering manner the accuracy of 
positional detection exhibits various forms depending upon a 
position detecting algorism employed. For example, in the 
case of center-of -gravity method, whether error takes place 
on the positive side or on the positive side depends upon the 
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number of pixels used in the center-of -gravity method as an 
algorism employed, taken as an odd number or as an even number. 
[0015] 

Namely, a position detecting method in the invention is 
a position detecting method that detects a position of a spot 
taken an image, the method comprising: a first step of preparing 
an analytic data distribution from pixel data of the spot image 
taken; a second step of determining a plurality of numbers 
including a first number that is an odd number and a second 
number that is an even number, as numbers defining an analytic 
width concerning the analytic data distribution, for use in 
detecting a position of the spot image with respect to a 
predetermined direction; a third step of determining at least 
one first estimated position of the spot image with respect 
to the predetermined direction on each of odd numbers in the 
plurality of numbers, depending upon data of pixel positions 
in the odd number arranged in the predetermined direction about 
a first pixel position assuming a maximum value in the analytic 
data distribution; a fourth step of determining at least one 
second estimated position of the spot image with respect to 
the predetermined direction on each of even numbers in the 
plurality of numbers, depending upon data of pixel positions 
in an even number arranged in the predetermined direction about 
a boundary between the first pixel position and a second pixel 
position assuming a greater data value within two pixel 
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positions adjacent the first pixel position with respect to 
the predetermined direction in the analytic data distribution; 
and a fifth step of determining a position of the spot image 
with respect to the predetermined direction, depending upon 
the first and second estimated positions. Here, the "spot" 
includes a circular spot, an elliptic spot and a rectangular 
spot. In the present specification, the term "spot" is used 
in such meaning. 
[0016] 

Due to this, based on an analytic data distribution 
formed from an imaging result at the first step and a plurality 
of numbers including a first number (odd number) and a second 
number (even number) that are determined at the second step, 
a first estimated position is determined as to at least one 
odd number of among a plurality of numbers at the third step 
by a predetermined algorism, e.g. center-of -gravity method. 
Meanwhile, a second estimated position is determined as to at 
least one even number of among a plurality of numbers at the 
fourth step by the predetermined algorism. At the fifth step, 
a position of the spot image in a predetermined direction is 
determined based on the first and second estimated values while 
taking account of the nature of the predetermined algorism used 
in determining the first and second estimated values. 
[0017] 

Accordingly, even where there is a small number of pixels 
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in the spot image, spot image position can be detected with 

swiftness and accuracy. 

[0018] 

In a position detecting method of the invention, the 
analytic data distribution is provided as (a) a data 
distribution obtained by taking a sum over a plurality of pixel 
strings that are along the predetermined direction different 
in position concerning a direction orthogonal to the 
predetermined direction or (b) a data distribution obtained 
by taking a sum over a plurality of pixel strings in the 
predetermined direction different in a position concerning a 
direction orthogonal to the predetermined direction, as to 
pixel data equal to or greater than a predetermined value. 
Here, "taking a sum over pixel strings along a plurality of 
predetermined directions" means to make a data string along 
a predetermined direction by taking a sum over pixel data as 
to the pixels equal in pixel position in the predetermined 
direction in the pixel string along a plurality of 
predetermined directions. 
[0019] 

In this case, the plurality of numbers each can be 
provided equal to or smaller than a maximum number of numbers 
which pixel data equal to or greater than a predetermined value 
is arranged successively along the predetermined direction in 
a pixel data distribution of the spot image. The first number 
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can be an odd number most approximate to the maximum number 
while the second number be an even number most approximate to 
the maximum number . 
[0020] 

Meanwhile, in the position detecting method of the 
invention, the plurality of numbers can be one odd number and 
one even number . 
[0021] 

In this case, in the fifth step, (a) a position minimal 
in estimated error can be determined as a position of the spot 
image with respect to a predetermined direction of among the 
first and second estimated positions and an average position 
over the first and second estimated positions. Meanwhile, a 
position of the spot image with respect to a predetermined 
direction can be determined by determining a weighted average 
over the first and second estimated positions. 
[0022] 

Meanwhile, in a position detecting method of the 
invention, the analytic data distribution can be a discrete 
column data distribution concerning a pixel string along at 
least one predetermined direction, the plurality of numbers 
being determined on each of the discrete column data 
distributions, in the fifth step, a position of the spot image 
with respect to the predetermined direction depending upon the 
first and second estimated positions being determined on each 
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of the discrete column data distributions. 
[0023] 

Here, the plurality of numbers, concerning respective 
discrete column data distributions, each can be equal to or 
smaller than a number of arrangement which pixel data equal 
to or greater than a predetermined value are arranged 
successively along the predetermined direction in each of the 
discrete column data distributions. The first number can be 
an odd number most approximate to the number of arrangement 
while the second number be an even number most approximate to 
the number of arrangement. 
[0024] 

Meanwhile, in the case of analyzing a discrete row data 
distribution, the fifth step can include a sixth step of 
determining a discrete estimated position in each of the 
discrete column data distributions depending upon the first 
and second estimated positions in each of the discrete column 
data distributions, and a seven step of determining a position 
of the spot image with respect to the predetermined direction 
in each of the discrete column data distributions. 
[0025] 

Here, in the seventh step a position of the spot image 
with respect to the predetermined direction can be determined 
by determining a weighted mean over the discrete estimated 
value in accordance with a statistic reliability on each of 
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the discrete estimated values. 
[0026] 

A position detecting device in the invention is a 
position detecting device that detects a position of a spot 
image taken, the position detecting device comprising: a 
preparing device (34) that prepares an analytic data 
distribution from pixel data of the spot image taken; a 
determining device (35) that determines a plurality of numbers 
including a first number that is an odd number and a second 
number that is an even number, as numbers defining an analytic 
width concerning the analytic data distribution, for use in 
detecting a position of the spot image with respect to a 
predetermined direction; an estimated-position calculating 
device (36) that calculates at least one first estimated 
position of the spot image with respect to the predetermined 
direction on each of even numbers in the plurality of numbers, 
depending upon data of pixel positions in the odd number 
arranged in the predetermined direction about a first pixel 
position assuming a maximum value in the analytic data 
distribution, and at least one second estimated position of 
the spot image with respect to the predetermined direction on 
each of odd numbers in the plurality of numbers, depending upon 
data of pixel positions in an even number arranged in the 
predetermined direction about a boundary between the first 
pixel position and a second pixel position assuming a greater 
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value within two pixel positions adjacent to the first pixel 
position in the predetermined direction in the analytic data 
distribution, on each of even numbers of among the plurality 
of numbers; and a spot-position calculating device (37) that 
a position of the spot image with respect to the predetermined 
direction, depending upon the first and second estimated 
positions . 
[0027] 

Due to this, based on an analytic data distribution 
formed from the result of imaging of the imaging device and 
a plurality of numbers including a first number (odd number) 
and a second number (even number) that are determined by the 
determining device, the estimated position calculating device 
determines first and second estimated positions a 
predetermined algorism, e.g. center-of -gravity method. The 
spot-position calculating device determines a spot image 
position depending on the first and second estimated values 
with respect to the predetermined direction while taking 
account of the nature of the predetermined algorism used in 
determining the first and second estimated values. Namely, 
spot image position is detected by using the position detecting 
method of the invention. Accordingly, even where there are 
a small number of pixels in a spot image, spot image position 
can be detected with swiftness and accuracy. 
[0028] 
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An optical-characteristic measuring method is an 
optical-characteristic measuring method that measures an 
optical characteristic of a detecting optical system, 
comprising: an image forming step of wavef ront-splitting light 
passed through the detecting optical system and forming a 
plurality of spot images; an imaging step of taking a plurality 
of spot images; a position detecting step of detecting 
positions of the plurality of spot images taken in the imaging 
step by using a position detecting method of the invention; 
and an optical-characteristic calculating step of calculating 
an optical characteristic of the detecting optical system 
depending upon the positions of the plurality of spot images 
detected in the position detecting step. 
[0029] 

Due to this, the respective positions of a plurality of 
spot images, formed at an image plane in the image forming step 
and taken in the imaging step, are detected with accuracy in 
the position detecting step by the position detecting method 
of the invention. Based on the positions of a plurality of 
patterns, an optical characteristic of the detecting optical 
system is calculated in the optical-characteristic 
calculating step. Accordingly, the optical characteristic of 
the detecting optical system can be measured with accuracy. 
[0030] 

Incidentally, in the optical-characteristic measuring 
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method of the invention, the optical characteristic can be 
provided as a wavefront aberration. 
[0031] 

An optical-characteristic measuring instrument in the 
invention is an optical-characteristic measuring instrument 
that measures an optical characteristic of a detecting optical 
system (PL) , comprising: a wavefront splitter (94) that 
wavef ront-splits light passed through the detecting optical 
system is wavef ront-split and forms a plurality of spot images; 
an imaging device (95) that takes a plurality of spot images; 
a position detecting device (32) of the invention that detects 
positions of the plurality of spot images taken by the imaging 
device; and an optical-characteristic calculating device (33) 
that calculates an optical characteristic of the detecting 
optical system depending upon the positions of the plurality 
of spot images detected by the position detecting device. 
[0032] 

Due to this, a plurality of spot images formed by the 
wavefront splitter are taken by the imaging device. 
Subsequently, the positions of a plurality of spot images are 
detected with accuracy from the result of imaging by the 
position detecting device using the position detecting method 
of the invention. Then, the optical-characteristic 

calculating device calculates an optical characteristic of the 
detecting optical system depending upon the detected positions 
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of the plurality of spot images. Namely, the 

optical-characteristic measuring instrument measures the 
optical characteristic of the detecting optical system by the 
optical-characteristic measuring method of the invention. 
Accordingly, the optical characteristic of the detecting 
optical system can be measured with accuracy. 
[0033] 

In the optical-characteristic measuring instrument of 
the invention, the wavef ront splitter can be a microlens array 
(94) arranged with lens elements (94a) two-dimensionally . 
[0034] 

A lithographic printer in the invention is a lithographic 
printer that transfers a predetermined pattern onto a 
substrate (W) by illuminating exposure light to the substrate, 
the lithographic printer comprising: a printer proper (60) 
having a projection optical system (PL) arranged on an optical 
path of exposure light; and an optical-characteristic 
measuring instrument of the invention having the projection 
optical system as the detecting optical system. 
[0035] 

Due to this, the optical characteristic is measured with 
accuracy by the optical-characteristic measuring instrument 
of the invention. By using the projection optical system 
ensured that the optical characteristic is adjusted well, a 
predetermined pattern can be transferred to the substrate. 
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Accordingly, the predetermined pattern can be accurately 

transferred to the substrate. 

[0036] 

In the lithographic printer of the invention, the 
optical-characteristic measuring instrument can be arranged 
removable from the lithographic printer. 
[0037] 

A device-manufacturing method in the invention is a 
device-manufacturing method including a lithography step, 
wherein the lithography step is to perform printing by use of 
the lithographic printer of the invention. Due to this, by 
performing printing by use of the lithographic printer of the 
invention, a predetermined pattern can be accurately 
transferred to segmented area, thus improving the productivity 
of a highly integrated device having a precise pattern. 
[0038] 

[Mode for Carrying Out the Invention] 
First Embodiment 

A first embodiment of the present invention will be 
explained below with reference to Figs. 1-15. 
[0039] 

Fig. 1 shows a schematic arrangement of a lithographic 
printer 100 according to an embodiment of the invention. The 
lithographic printer 100 is a step-and-scan schemed pro j ection 
lithographic printer. The lithographic printer 100 has a 
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printer proper 60 and a wavef ront-aberration measuring 
instrument 7 0 serving as an optical-characteristic measuring 
instrument . 
[0040] 

The printer proper 60 has an illumination system 10, a 
reticle stage RST for sustaining a reticle R thereon, a 
projection optical system PL serving as a detecting optical 
system, a wafer stage WST serving as a stage device on which 
a wafer W is to be rested, an alignment microscope AS, a stage 
control system 19 taking control of the location and position 
of the reticle stage RST and wafer stage WST, a main control 
system 20 taking total control of the apparatus overall, and 
so on. 
[0041] 

The illumination system 10 includes a light source, an 
illuminance-unif ormizing optical system formed by a fly's-eye 
lens, etc., a relay lens, a variable ND filter , a reticle blind 
and a dichroic mirror (none shown) . The structure of the 
illumination system like this is disclosed, say, in 
JP-A-H10-112433 . In the illumination system 10, illumination 
is made with light IL at a nearly uniform illuminance to an 
illumination area in a slit form defined by a reticle blind, 
over a reticle R, rendered with a circuit pattern, etc. 
[0042] 

The reticle R is fixed on the reticle stage RST, say, 
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by vacuum clamp . The reticle stage RST, herein, is to be driven 
slightly on the XY plane vertical to the optical axis 
(coincident with the optical axis AX of a projection optical 
system PL, referred later) of the illumination system 10 and 
driven at a scanning rate designated in a predetermined 
scanning direction (assumed in a Y-direction, herein) , by 
means of a not-shown reticle-stage drive section made by a 
two-dimensional linear actuator of a magnetic float type. 
Furthermore, in this embodiment, because the magnetic float 
type two-dimensional linear actuator includes an on-Z-axis 
driving coil besides on-X-axis and on-Y-axis driving coils, 
slight drive is available also in the Z direction. 
[0043] 

The reticle stage RST, on a stage movement plane, is 
detected in position at all times at a resolution, say, of 
approximately 0 . 5 - 1 nm by a reticle laser interferometer 
(hereinafter, referred to as a "reticle interferometer") 16 
through a movement mirror 15. The reticle-stage RST 
positional information (or speed information) , of from the 
reticle interferometer 16, is sent to the main control system 
20 through the stage control system 19. Based on the 
positional information (or speed information) , the main 
control system 2 0 drives the reticle stage RST through the stage 
control system 19 and reticle-stage drive section (not shown) . 
[0044] 
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The projection optical system PL is arranged below the 
reticle stage RST in Fig. 1, whose optical axis AX is taken 
as in the X direction. The projection optical system PL is, 
say, a reduction system telecentric at both sides and made up 
by a plurality of not-shown lens elements having a common 
optical axis AX in the z-axis direction. The projection 
optical system PL uses a projection magnification p of 1/4, 
1/5 or 1/6, for example. Accordingly, when the illumination 
area on the reticle R is illuminated with illumination light 

(radiation) IL, the pattern formed on the reticle R is reduced 
at a projection magnification of P by the projection optical 
system PL into an image (partially inverted image) , and 
projected and transferred to a slit-like exposure area on the 
wafer W applied with resist (photosensitive agent) on the 
surface thereof. 

[0045] 

Incidentally, in the embodiment, particular ones (e.g. 
predetermined five) of among the plurality of lens elements 
are arranged movable independently one from another. Those 
lens elements are moved by means of drive elements, such as 
three piezoelectric elements respectively provided for the 
particular lenses, supporting a lens support member supporting 
the particular lens elements and coupled to a barrel. Namely, 
the particular lens elements can be parallel-moved 
independently along the optical axis AX in accordance with a 
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displacement amount of the drive element, and be given a desired 
inclination relative to a plane vertical to the optical axis 
AX. The drive instruction signal, to be provided to the drive 
elements, is under control of the focus-characteristic 
correction controller 51, according to a command MCD of from 
the main control system 20. This places the drive elements 
under control in their displacement amounts . 
[0046] 

In the projection optical system PL thus structured, 
optical characteristics, such as distortion, 

curvature-of -field, astigmatism, comma aberration or 
spherical aberration, can be adjusted by controlling the 
movement of the lens element by means of the main control system 
20 through the focus-characteristic correction controller 51. 
[0047] 

The wafer stage WST is arranged on a not-shown base, below 
the projection optical system PL in Fig. 1. A wafer holder 
25 is rested upon the wafer stage WST. The wafer W is fixed 
on the wafer holder 25, say, by vacuum clamp. The wafer holder 
25 is structured to incline in a desired direction relative 
to the surface, orthogonal to the optical axis, of the 
projection optical system PL and to move slightly also in the 
direction of the optical axis AX (Z direction) of the pro j ection 
optical system PL. Meanwhile, the wafer holder 2 5 is also 
rotatable slightly about the optical axis AX. 
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[0048] 

Meanwhile, a bracket structure is formed on the wafer 
stage WST at its +Y-directional side, to removably mount a 
wavefront sensor 90, referred later. 
[0049] 

The wafer stage WST is structured to move not only in 
a scanning direction (Y direction) but also in a direction 
vertical to the scanning direction (X direction) such that a 
plurality of shot areas on the wafer W can be moved to an 
exposure area conjugate to the illumination area. Thus, 
step-and-scan operation is performed with a repetition of the 
scanning printing operation over the shot areas on the wafer 
W and the movement operation of up to the next-printing start 
position. The wafer stage WST is to be driven XY 
two-dimensional ly by the wafer-stage drive section 24 
including a motor. 
[0050] 

The wafer stage WST is detected, in position on the XY 
plane, at a resolution, say, of approximately 0.5-1 nm at 
all times by means of the wafer laser interferometer 

(hereinafter, referred to as a "wafer interferometer") 18 
through the movement mirror 17. The positional information 

(or speed information) of the wafer stage WST is sent to the 
main control system 20 through the stage control system 19. 
The main control system 2 0 takes drive control of the wafer 
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stage WST through the stage control section 19 and wafer- stage 
drive section 24, on the basis of the positional information. 
[0051] 

The alignment microscope As is arranged laterally of the 
projection optical system PL. The embodiment uses an 
of f -axis-schemed microscope made with a focal-alignment 
sensor to observe a street line or position-detecting mark 

(fine alignment mark) formed on the wafer W. The detail 
structure of the alignment microscope AS is disclosed, say, 
in JP-A-H9-219354 . The observation result by the alignment 
microscope AS is supplied to the main control system 20. 

[0052] 

Furthermore, in Fig. 1 apparatus, a multi-point focal 
position detecting system (21, 22) is provided that is one of 
an oblique-incident type focus detecting system (focus 
detecting system) to detect a Z-directional (optical axis AX 
directional) position of an exposure area inside and its 
vicinity area on the wafer W surface. The multi-point focal 
position detecting system (21, 22) is structured with an 
illumination optical system 21 made by an optical fiber bundle, 
a focus lens, a pattern forming plate, a lens, a mirror and 
an illumination objective lens (none shown) , and a 
light-receiving optical system 22 made by a focusing objective 
lens, a rotational-direction vibration plate, a focus lens, 
a light-receiving slit plate and a light receiver having a 
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multiplicity of photosensors (none shown) . The detailed 
structure of the multi-point focal position detecting system 
(21, 22) is disclosed, say, in JP-A-H6-283403 . The detection 
result by the multi-point focal position detecting system (21, 
22) is supplied to the stage control system 19. 
[0053] 

The wavef ront-aberration measuring instrument 70 is 
structured with a wavef ront sensor 9 0 and a wavef ront- data 
processor 80. 
[0054] 

The wavef ront sensor 90 has, as shown in Fig. 2, a label 
plate 91, a collimator lens 92, a relay lens system 93 formed 
by lenses 93a and 93b, a microlens array 94 as a wavefront 
splitter and a CCD 95 as an imaging device. Those are arranged 
on the optical axis AXl , in that order. Meanwhile, the 
wavefront sensor 9 0 further has a receiving member 97 that 
receives therein mirrors 96a, 96b, 96c, a collimator lens 92, 
a relay lens system 93, a microlens array 94, a CCD 95 and 
mirrors 96a, 96b, 96c, to establish an optical path of the light 
entering the wavefront sensor 90. 
[0055] 

The label plate 91 is basically formed, say, by a glass 
plate and arranged in the same height as the surface of the 
wafer W fixed on the wafer holder 2 5 in a manner being orthogonal 
to the optical axis AXl (see Fig. 1) . The label plate 91 has 
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a surface formed with an opening 91a centrally, as shown in 
Fig. 3. Meanwhile, three sets or more (four sets, in Fig. 3) 
of two-dimensional position detecting marks 91b are formed at 
around the opening 91a, in the surface of the label plate 91. 
The two-dimensional position detecting mark, in the embodiment, 
employs a combination of a line-and-space mark 91c formed along 
the X direction and a line-and-space mark 91d formed along the 
Y direction. Incidentally, the line-and-space marks 91c , 91d 
are to be observed by the foregoing alignment microscope AS. 
Meanwhile, reflective finish is done in the surface of the label 
plate 91, in an area excepting the opening 91a and 
two-dimensional position detecting mark 91b. Such reflective 
finish is made by depositing chromium (Cr) over a glass plate. 
[0056] 

Referring back to Fig. 2, the collimator lens 92 converts 
the light entering through the opening 91a into a plane wave. 
[0057] 

The microlens array 94 is arranged densely in a matrix 
form with a multiplicity of square microlenses 94a that have 
a positive refractive power, as shown in Fig. 4. Here, the 
microlenses 94a are arranged nearly parallel at their optical 
axes. Incidentally, in Fig. 4, there is shown an example of 
a matrix arrangement 7 x 7 of microlenses 94a. The microlenses 
94a are not limited to square in form but may be rectangular. 
Meanwhile, the microlenses 94a may not be all in the same form. 
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The arrangement of the microlenses 94a, in the microlens array 
94, may be unequal in pitch or in an oblique arrangement. 
[0058] 

The microlens array 94 like this is fabricated by 
conducting an etching on a parallel-surfaced glass plate. The 
microlens array 94 focuses the light passed through the relay 
lens system 93, into images of the opening 91a in positions 
different between the incident ones of microlenses 94a. 
[0059] 

Incidentally, the optical system, formed by the 
collimator lens 92, the relay lens system 93, the microlens 
array 94 and the mirrors 96a, 96b, 96c, is hereinafter referred 
to as a "wavef ront-aberration measuring optical system" . 
[0060] 

Referring back to Fig . 2 , the CCD 95 has a light-receiving 
surface at a image plane where focused is a pinhole pattern 
image, referred later, formed by the microlenses 94a of the 
microlens array 94 in the opening 91a, i.e. at a conjugate 
surface to an opening 91a forming surface of the 
wavef ront-aberration measuring optical system, to take an 
image of a multiplicity of pinholes that are focused on the 
light-receiving surface. The result of imaging is supplied 
as image data IMD to the wavef ront-data processor 80. 
[0061] 

The receiving member 97 has a support member, not shown, 
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that supports therein the collimator lens 92, the relay lens 
system 93 , the microlens array 94 and the CCD 95 . Incidentally, 
the mirrors 96a, 96b, 96c are attached in an inner surface of 
the receiving member 97. The receiving member 97 has an 
exterior shape to fit with the bracket structure for the wafer 
stage WST so that it can be removably attached to the wafer 
stage WST. 
[0062] 

The wavef ront-data processor 80 has a main control device 
3 0 and a storage device 40, as shown in Fig . 5. The main control 
device 30 includes (a) a control device 39 that takes control 
of the operation overall of the wavef ront-data processor 80 
and supplies wavef ront measurement data WFA to the main control 
system 20, (b) an image-data collector device 31 that gathers 
the image data IMD from the wavef ront sensor 90, (c) a position 
detecting device 32 that detects the position of a spot image 
depending upon the image data, and (d) a wavef ront-aberration 
calculating device 33 that calculates a wavefront aberration 
through the projection optical system PL depending upon the 
spot image position detected by the position detecting device 
32 . 

[0063] 

Here, the position detecting device 32 has (i) a 
data-distribution preparing device 34 as a preparing device 
that produces an analytic data distribution of spot image with 
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respect to X and Y directions depending upon the result of 
imaging, (ii) a determining device 3 5 that determines a pair 
of odd and even numbers on each of the analytic data 
distributions , ( iii ) an estimated-position calculating device 
3 6 that calculates first and second estimated X positions 
depending upon the X-directional analytic data distribution 
and a pair of numbers in accordance therewith, and first and 
second estimated Y positions depending upon the Y-directional 
analytic data distribution and a pair of numbers in accordance 
therewith, and (iv) a spot-image position calculating device 
37 that calculates a spot-image X position from the first and 
second estimated X positions and a spot-image Y position from 
the first and second estimated Y positions. 
[0064] 

Meanwhile, the storage device 40 has (a) an image-data 
storage area 41 to store image data, (b) a data-distribution 
storage area 42 to store the analytic data distribution, (c) 
an analytic-width storage area 43 to store the numbers defining 
the width of an analyzing range, (d) an estimated-position 
storage area 44 to store a calculated estimated position, (e) 
a spot-image position storage area 45 to store a calculated 
spot-image position, and (f) a wavef ront-aberration data 
storage area 46 to store wavef ront-aberration data. 
[0065] 

Although the embodiment configured the wavef ront-data 
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processor 8 0 by combining various devices as in the above, the 
wavef ront-data processor 8 0 can be configured as a computer 
system to thereby realize the functions of the devices 
constituting the main control device 3 0 by means of a program 
incorporated in the wavef ront-data processor 80. 
[0066] 

Along with the flowchart shown in Fig. 6, explanation 
is made below on the printing operation by the lithographic 
printer 100 of the embodiment while suitably referring to other 
figures . 
[0067] 

Incidentally, as a premise of the following operation, 
it is assumed that the wavefront sensor 90 is arranged on the 
wafer state WST while connection is provided between the 
wavef ront-data processor 80 and the main control system 20. 
[0068] 

Meanwhile, it is also assumed that the positional 
relationship, between the opening 91a of the label plate 91 
of the wavefront sensor 9 0 arranged on the wafer stage and the 
wafer stage ST, has been determined correctly by observing the 
two-dimensional mark 91b through use of the alignment 
microscope AS. Namely, depending upon the positional 
information (speed information) outputted from the wafer 
interferometer 18, the XY position of the opening 91 can be 
detected correctly. Moreover, by controlling the movement of 
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the wafer stage WST through the wafer stage drive section 24, 
the opening 91a can be assumed aligned accurately at a desired 
XY position. Incidentally, in the embodiment, the positional 
relationship between the opening 91a and the wafer stage WST 
are to be detected accurately by use of a statistic approach 
such as so-called enhanced global alignment (hereinafter, 
referred to as "EGA") disclosed in JP-A-S61-44429 , based on 
the detection result of the positions of the four 
two-dimensional position marks 91b due to the alignment 
microscope AS . 
[0069] 

In the process shown in Fig. 6, firstly in a subroutine 
101, a wavefront aberration is measured as to the projection 
optical system PL. In the wavefront aberration measurement, 
a reticle-to-measure RT for wavef ront-aberration measurement 
shown in Fig. 8 is first loaded on the reticle stage RST at 
step Sill by means of a not-shown reticle loader, as shown in 
Fig. 7. The reticle-to-measure RT is formed with a plurality 
of pinhole patterns PHi - PH N (N = 9, in Fig. 8) along the X 
and Y directions in a matrix form. Incidentally, the pinhole 
patterns PHi - PH N are formed within an area having a size of 
a slit-like illumination area shown by the dotted lines in Fig. 
8. 

[0070] 

Subsequently, measurement, etc. is made for the reticle 
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alignment by use of a not-shown reference mark plate arranged 
on the wafer stage WST and for the base line amount by use of 
the alignment microscope AS. Then, the reticle stage ST is 
moved such that the first pinhole pattern PHi to measure for 
aberration is positioned over the optical axis AX of the 
projection optical system PL. The movement is performed by 
controlling the reticle drive section through the stage 
control system 19 by means of the main control system 20, 
depending upon the positional information (speed information) 
of the reticle stage RST detected by the reticle interferometer 
16 . 

[0071] 

Referring back to Fig. 7, the wafer stage WST is moved 
such that the opening 91a of the label plate 91 of the wavef ront 
sensor 9 0 comes to the conjugate position of the pinhole pattern 
PHi concerning the projection optical system PL (over the 
optical axis AX, for the pinhole pattern PHi) . The movement 
is performed by controlling the wafer stage drive section 24 
through the stage control system 19 by means of the main control 
system 20, depending upon the positional information (speed 
information) of the wafer stage WST detected by the wafer 
interferometer 18 . On this occasion, the main control section 
2 0 drives slightly the wafer stage WST in the Z-axis direction 
through the wafer-stage drive section 24 in a manner aligning 
the upper surface of the label plate 91 of the wavef ront sensor 
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9 0 with the image surface, where the pinhole image of the 
pinhole pattern PHi is focused, depending upon the detection 
result of the multi-point focal position detecting system (21, 
22) . 
[0072] 

In the above manner, the optical arrangement completes 
for the devices to measure a wavefront aberration of through 
the projection optical system PL, as to the spherical wave of 
from the first pinhole pattern PHi . In Fig. 9, there is shown 
a development of such an optical arrangement along the optical 
axis AXl of the wavefront sensor 9 0 and the optical axis of 
the projection optical system PL. 
[0073] 

In the optical arrangement like this, illumination light 
IL is emitted from the illumination system 10 , the light reached 
the first pinhole pattern PHi of the reticle-to-measure RT 
turns into a spherical wave that exits through the pinhole 
pattern PHi . After passing through the projection optical 
system PL, the light is focused on the opening 91a of the label 
plate 91 of the wavefront sensor 90. Incidentally, the light, 
passed the other pinhole pattern PH 2 - PH N than the first pinhole 
pattern PHi, does not reach the opening pattern 91a. In this 
manner, the light focused on the opening 91a has a wavefront 
nearly spherical but containing a wavefront aberration of 
through the projection optical system PL. 
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[0074] 

The light, having passed the opening 91a, is converted 
into collimated light by the collimator lens 92 and then 
incident upon the microlens array 94 after having passed 
through the relay lens system 93. Here, the light entering 
the microlens array 94 has a wavefront reflected thereon a 
waveform aberration of through the projection optical system 
PL. Namely, where there is no wavefront aberration in the 
projection optical system PL, the wavefront WF thereof is given 
as a plane orthogonal to the optical axis AX1 as shown by the 
dotted line in Fig. 9. However, where there is a wavefront 
aberration of through the projection optical system PL, the 
wavefront WF 1 thereof inclines at an angle dependent upon the 
position as shown by the two-dot chain line in Fig. 9. 
[0075] 

The microlens array 94 focuses the opening 91a image on 
the conjugate plane of the label plate 91, i.e. the image plane 
of the CCD 95, on each microlens 94a basis. In the case the 
light incident upon the microlens 94a has a wavefront 
orthogonal to the optical axis AX1 , a spot image is focused 
on the image plane in a position about the intersection between 
the optical axis of the microlens 94a and the image plane. 
Meanwhile, in the case the light incident upon the microlens 
94a has a wavefront inclining, a spot image is focused on the 
image plane in a position about a point deviating from the 
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intersection between the optical axis of the microlens 94a and 
the image plane commensurate with the amount of inclination. 
[0076] 

Referring back to Fig. 7, at step 113, the image formed 
on the image plane is taken by the CCD 95. The image data IMD 
obtained by the imaging is supplied to the wavef ront-data 
processor 80. In the wavef ront-data processor 80, the 
image-data collector device 31 gathers the image data IMD and 
stores the gathered image data in the image-data storage areas 
41. 

[0077] 

Then, in a subroutine 114, each spot image is detected 
for position depending upon the imaging result. 
[0078] 

Here, referring to Figs. 10(A) - 13, explanation is made 
on the overview of the principle of spot-image position 
detection to perform in the following. For the simplicity of 
explanation, the principle of positional detection is 
overviewed on an example where spot images are in a 
one-dimensional distribution. Meanwhile, the pixel has a 
width assumed as A. 
[0079] 

When spot images are formed as in the above, in the case 
a spot image I (X) symmetric left and right has a center position 
(hereinafter, referred to as "spot-image position") lying at 
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a boundary Xj between a certain pixel and the adjacent pixel, 
the result of imaging generally provides a pixel-data 
distribution that is symmetric left and right about the 
position Xj . Accordingly, as shown in Fig. 10(A), correct 
coincidence results between the center-of -gravity position X 0 , 
calculated by a center-of -gravity method on the pixel-data 
distribution (data distribution shown as a bar graph in Fig. 
10(A)) concerning an even number of pixels (four pixels, in 
Fig. 10(A)) nearby the spot-image position Xj , and the 
spot-image position Xj . However, as shown in Fig. 10(B), a 
positional difference results between the center-of -gravity 
position X 0 , calculated by a center-of -gravity method on the 
pixel-data distribution (data distribution shown as a bar 
graph in Fig. 10(B) ) concerning an odd number of pixels (five 
pixels, in Fig. 10(B) ) nearby the spot-image position Xj , and 
the spot-image position Xj . 
[0080] 

Meanwhile, when the spot image I (X) has a spot image 
position in a center position of a certain pixel (Xj+A/2) , the 
result of imaging provides a pixel data distribution symmetric 
left and right about the position (Xj+A/2) . Accordingly, as 
shown in Fig. 11(A) , correct coincidence results between the 
center-of -gravity position X 0 , calculated by the 
center-of -gravity method on the pixel-data distribution (data 
distribution shown as a bar graph in Fig. 11(A)) concerning 
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an odd number of pixels (five pixels, in Fig. 11(A)) nearby 
the spot-image position (Xj+A/2) , and the spot-image position 

(Xj+A/2) . However, as shown in Fig. 11(B), a positional 
difference results between the center-of -gravity position X 0 , 
calculated by a center-of -gravity method on the pixel-data 
distribution (data distribution shown as a bar graph in Fig. 
11(B)) concerning an even number of pixels (four pixels, in 
Fig. 11(B)) nearby the spot-image position (Xj+A/2), and the 
spot-image position (Xj+A/2). 

[0081] 

Meanwhile, where the spot image I (X) has a spot image 
position not at a pixel boundary position Xj nor pixel center 
position (Xj+A/2) but at a position (Xj+AX) (AX * 0, A/2), the 
calculated center-of -gravity position X 0 is different from the 
spot-image position (Xj+A/2) even if the number of pixels to 
be considered in the center-of -gravity method is taken odd 

(five in Fig. 12(A)) or even (four in Fig. 12(B)) nearby the 
spot-image position (Xj+AX) , as shown in Figs . 12 (A) and 12 (B) . 

[0082] 

In Fig. 13, there is shown a change of an error eE(AX) 
(hereinafter, referred to as " even-based center-of -gravity 
error eE(AX) ) from the true spot-image position (Xj+AX) which 
spot-image position is as a result of calculation by the 
center-of -gravity method by taking a width of even pixels as 
an analytic width due to a change of value AX (0 < Ax < A) when 
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the spot image I(X) is taken in a position (Xj+AX) and a change 
of an error eO(AX) (hereinafter, referred to as "odd-based 
center-of -gravity error eO(AX)) from the true spot-image 
position (Xj+AX) which spot-image position is as a result of 
calculation by the center-of -gravity method by taking a width 
of odd pixels as an analytic width, explained in the above. 
As shown in Fig. 13, the even-based error eE (AX) is 0 at AX 
= 0 and increases first toward the negative as Ax increases 
from 0, thus attaining the maximum on the negative side at AX 
= (A/2-0) . The even-based error £E (AX) attains the maximum 
on the positive side at Ax = (A/2 + 0) and then decreases as Ax 
increases, again becoming 0 at Ax = 0 . Meanwhile, the 
odd-based error sO (AX) is maximal on the positive side at AX 
= 0 and then decreases as AX increases from 0, becoming 0 at 
AX = A/2. Thereafter, the odd-based error 80 (Ax) increases 
toward the negative as AX increases , thus attaining the maximum 
at AX = A. 
[0083] 

As can be understood from Fig. 13, in the 
center-of -gravity method, with an analytic width of even 
number of pixels and an analytic width of odd number of pixels, 
within the range of Ax where the position-detecting accuracy 
is well for one, the other is worse in position-detecting 
accuracy. Namely, the odd-based center-of -gravity error 
eO(Ax) in absolute value is greater at around AX = 0, A where 
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the even-based center-of -gravity error eE(AX) in absolute 
value is smaller. Meanwhile, the even-based 

center-of -gravity error eE(AX) in absolute value is greater 
at around AX = A/2, A where the odd-based center-of -gravity 
error eO(AX) in absolute value is smaller. 
[0084] 

Meanwhile, in an intermediate region between AX = 0 and 
AX = A/2 and intermediate region between AX = A/ 2 and AX = A 
where both the even-based and odd-based center-of -gravity 
errors eE(AX) , sO(AX) have absolute values not so small, signs 
are reverse to each other between the even-based 
center-of -gravity error 8E(AX) and the odd-based 
center-of -gravity error eO(AX) . When considering an average 
position over a calculating position by the center-of -gravity 
method with an analytic width of even number of pixels 
(hereinafter, referred to as "even-based center-of -gravity 
position" ) and a calculating position by the center-of -gravity 
method with an analytic width of odd number of pixels 
(hereinafter, referred to as "odd-based center-of -gravity 
position"), the even-and-odd average-based position error 
8A(AX) in its absolute value is smaller than the absolute value 
of the even-based center-of -gravity error 8E (AX) and odd-based 
center-of -gravity error eO(Ax), in an intermediate region 
between AX = 0 and AX = A/2, i.e. in a region of from AX = AXi 
to AX = AX 2 , and in an intermediate region between AX = A/2 
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and AX = A, i.e. in a region of from Ax = Ax 3 to AX = Ax 4 , as 

shown in Fig. 13. 

[0085] 

Namely, the even-based, odd-based and even- and- odd 
average-based center-of -gravity positions each have a AX range 
where the error is smaller than in the region of the others. 
By utilizing it, calculation is first made for even-based and 
odd-based center-of -gravity positions of spot images. The 
value Ax, that can be estimated from the calculation result, 
is applied to the Ax of Fig. 13. Subsequently, determination 
is made as to which range of 0 - AXi, AXi - AX 2 , AX 2 - AX 3 , AX 3 
- Ax 4 , Ax 4 - A the estimated Ax falls within. Then, depending 
upon the determination result, the position where the error 
is the smallest is taken as a spot-image position of among those 
of the even-based, odd-based and even-and-odd average-based 
center-of -gravity positions whereby the detection accuracy of 
spot-image position can be improved greater than the case where 
to detect a spot-image position by the center-of -gravity 
method with use of one analytic width of pixels. This 
improvement of detection accuracy is obtained greater as the 
analytic width of pixels is narrower. 
[0086] 

Incidentally, the change form of even-based and 
odd-based center-of -gravity errors eE(AX), sO(AX) due to the 
change of AX differs by the data count to use in calculating 
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a center-of -gravity in the center-of -gravity method. 
Accordingly, although the range where the error is minimal of 
those of even-based, odd-based and even-and-odd average-based 
center-of -gravity positions differs depending upon the data 
count to use in calculating a center-of -gravity in the 
center-of -gravity method, the range can be determined by a 
simple calculation. Meanwhile, in case the data count 
candidate is previously known that is to use in calculating 
a center-of -gravity in the center-of -gravity method, the range 
can be prepared as a table for each data count. 
[0087] 

In the subroutine 114 (see Fig. 7) of the embodiment, 
spot-image positions are detected based on the result of 
imaging, on the basis of the detection principle of spot-image 
positions explained so far. 
[0088] 

In the subroutine 114, as shown in Fig. 14, the 
data-distribution preparing device 34 of the 
position-detecting device 32 at step 121 first reads image data 
out of the image-data storage area 41, to extract a region the 
first spot image (j = 1) is formed. In the extraction of a 
region, the data-distribution preparing device 34 searches, 
say, a two-dimensional peak having a peak in a value equal to 
or greater than a predetermined value in the data image taken. 
Then, assuming a plurality of two-dimensional peaks searched 
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respectively as spot images, the data-distribution preparing 
device 34 extracts a region of the first spot image. The spot 
image regions SPAj thus extracted are shown in Fig. 15(A). 
Incidentally, in Fig. 15(A), there is shown a case that the 
spot image region SPAj is a square region of 7 pixels (X 
direction) x 7 pixels (Y direction) where the minimal value 
in the x-directional region and minimal value Yj in the 
YX-directional region. Meanwhile, in Fig. 15, the pixels PX 
have an X-directional length of A and a Y-directional length 
of A. Meanwhile, in Fig. 15, the pixels that are bright are 
hatched crossed, the pixels that are dark are opened, and the 
pixels that are middle bright are singly hatched. 
[0089] 

Referring back to Fig. 14, the data-distribution 
preparing device 34 at step 122 then prepares an X-directional 
analytic data distribution JX(X) and a Y-directional analytic 
data distribution JY(Y) . In preparing the X-directional and 
Y-directional analytic data distributions JX(X), JY(Y), the 
data-distribution preparing device 34 first extracts the 
pixels that are brighter than a predetermined threshold. 
Incidentally, the predetermined threshold is established at 
a value, determined in the previous measurement or simulation, 
considered determinable to contain a signal component other 
than noise. As a result, pixel data is assumed extracted of 
the pixels hatched crossed and the pixels hatched singly in 
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Fig. 15 (A) . 
[0090] 

Subsequently, the data-distribution preparing device 3 4 
calculates a sum over those of pixel data extracted that are 
equal in X position of the pixel data and prepares an analytic 
data distribution JX (X) . The analytic data distribution JX (X) 
thus prepared is shown in Fig. 15(B). Meanwhile, the 
data-distribution preparing device 3 4 calculates a sum over 
those of pixel data extracted that are equal in Y position of 
the pixel data and prepares an analytic data distribution JY ( Y) , 
similarly to the case of the analytic data distribution JX(X) . 
In this manner, in preparing the analytic data distributions 
JX(X) , JY(Y) , the pixel data brighter than the predetermined 
value is used because of preventing noise components from being 
immixed in the analytic data distribution JX(X), JY(Y) to a 
possible extent. 
[0091] 

Meanwhile, the data-distribution preparing device 34 
determines the maximum number NX of pixels on each pixel column 
along the X direction and the maximum number NY of pixels on 
each pixel column along the Y direction, in the distribution 
of extracted pixel data. Incidentally, in Fig. 15(A) case, 
determined are the maximum number NX = 5 and the maximum number 
NY = 5. 
[0092] 
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Then, the data-distribution preparing device 34 stores 
the determined analytic data distributions JX(X), JY(Y) and 
maximum numbers NX, NY in the data-distribution storage area 
42 . 

[0093] 

Referring back to Fig. 14, the determining device 3 5 of 
the position detecting device 32 at step 123 reads the maximum 
numbers NX, NY out of the data-distribution storage area 42 
and determines one odd number NXi and one even number NX 2 , 
defining the analysis range in the analytic data distribution 
JX(X) , for use in detecting an X-position of the spot image. 
Meanwhile, the determining device 3 5 determines one odd number 
NYl and one even number NY2 , defining the analysis range in 
the analytic data distribution JY(Y) , for use in detecting a 
Y-position of the spot image. 
[0094] 

Here, when the number of pixels NX is an odd number, the 
number NXI is determined as the number NX while the number NX2 
is determined as the number (NX - 1) . Meanwhile, when the 
number of pixels NX is an even number, the number NX 2 is 
determined as a number NX while the number NXl is determined 
as a number (NX - 1) . Incidentally in the case shown in Fig. 
15 (A) , determination is as NXl = 5 and NX 2 = 4 because of the 
maximum number NXl = 5 . 
[0095] 
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Meanwhile, when the number of pixels NY is an odd number, 
the number NYl is determined as the number NY while the number 
NY2 is determined as the number (NY - 1) . Meanwhile, when the 
number of pixels NY is an even number, the number NY 2 is 
determined as the number NY while the number NYl is determined 
as a number (NY - 1) . Incidentally in the case shown in Fig. 
15(A) , determination is as NYl = 5 and NY2 = 4 because of the 
maximum number NY = 5 . 
[0096] 

The determining device 3 5 stores the determined numbers 
NX1, NX2, NYl, NY2 in the analytic-width storage area 43. 
[0097] 

Incidentally, the reason why the number NXl , NX2 is 
provided as a number equal to or smaller than the maximum number 
NX is because to reduce the effect of noise in analyzing the 
analytic data distribution JX(X) . Meanwhile, the reason why 
the number NXl, NX2 is provided as an odd and even number most 
approximate to the maximum number NX is because to secure data 
count to a possible great extent and to improve the estimation 
accuracy of a spot-image position due to calculating a 
center-of -gravity position in the center-of -gravity method. 
Because of the similar reason to this, the numbers NYl, NY2 
are provided as odd and even numbers equal to or smaller than 
the maximum number NY and most approximate to the number NY. 
[0098] 
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Referring back to Fig. 14, the estimated-position 
calculating device 36 of the position detecting device 32 at 
step 124 reads the analytic data distributions JX(X), JY(Y) 
out of the data-distribution storage area 42, and numbers NXl , 
NX2, NY1, NY2 out of the analytic-width storage area 43. 
Subsequently, the estimated-position calculating device 3 6 
calculates a first estimated X position Xl by the 
center-of -gravity method depending upon the analytic data 
distribution JX(X) and the number NXl, and a second estimated 
X position X2 by the center-of -gravity method depending upon 
the analytic data distribution JX(X) and the number NX2 . 
[0099] 

Here, in the case of using an analytic width defined by 
an odd number NO (=NX1 or NX2 ) , i.e. odd number NO of pixel 
count data, used are the data of maximum-data pixel position 
(hereinafter, referred to as "maximum-data pixel position") 
and data of pixel positions on both sides of the maximum-data 
pixel position each in the number of ((NO - l)/2). As a 
spot-image estimated X position, calculated is a 
center-of -gravity position (odd-based center-of -gravity 
position) in the distribution of data in the number of NO. For 
example, in the case of an analytic data distribution JX(X) , 
say, as in Fig. 15(B) and NO = 5, then all the data of Dl - 
D5 is used to calculate an odd-based center-of -gravity 
position. 
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Meanwhile, in the case of using an analytic width defined 
by an even number NE (= NXl or NX2 ) , i.e. even number NE of 
pixel count data, used are the data of the maximum-data pixel 
position, a pixel position of the data greater of the pixel 
position data adjacent to and on both sides of the maximum data 
pixel position, and data of the maximum data pixel position 
and pixel position, pixel position data each in the number of 
( (NE - 2)/2) on the left and right of the two pixel position. 
As a spot-image estimated X position, a center-of -gravity 
position (even-based center-of -gravity position) is 
calculated for a distribution of data in the number of NE. For 
example, in the case of an analytic data distribution JX(X) , 
say, as in Fig. 15 (B) and NO = 4 , then the data Dl - D4 is used 
to calculate an even-based center-of -gravity position 
[0101] 

Meanwhile, the estimated-position calculating device 3 6 
calculates a first estimated Y position Yl by the 
center-of -gravity method depending upon the analytic data 
distribution JY(Y) and number NYl, and a second estimated Y 
position Y2 by the center-of -gravity method depending upon the 
analytic data distribution JY ( Y) and the number NY2 , similarly 
to the case of the analytic data distribution JX(X) . 
[0102] 

The estimated position calculating device 3 6 stores the 
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first and second estimated X positions XI, X2 , the first and 
second estimated Y positions Yl , Y2 , and the numbers NXl , NX2 , 
NY1, NY2 . 
[0103] 

Referring back to Fig. 14, the spot-image calculating 
device 37 of the position detecting device 32 at step 125 reads 
the first and second estimated X positions Xl , X2 , the first 
and second estimated Y positions Yl, Y2 , and the numbers NXl, 
NX2, NYl, NY2, out of the estimated-position storage area 44, 
thus calculating the X and Y positions of the spot image. In 
calculating the X and Y positions, the spot-image position 
calculating device 37 first estimates the foregoing AX from 
the first and second estimated X positions XI, X2 , and 
determines which range of 0 - AX lr AX X - AX 2/ AX 2 - Ax 3 , AX 3 - 
AX 4 , AX 4 - A the estimated AX falls within. Subsequently, 
determination is made as to which X estimated positions of the 
first and second estimated X positions XI, X2 and the average 
estimated X position XA (= (XI + X2) ) is considered the least 
in error, depending upon the determination result. 
[0104] 

The X estimated position considered the least in error 
is determined as an X position of the spot image. Subsequently, 
the spot-position calculating device 37 determines which Y 
estimated position is considered the least in error among the 
first and second estimated Y positions Yl, Y2 and the average 



58 



JP2002-202221 



estimated Y position YA (= (Yl + Y2)/2), depending upon the 
first and second estimated Y positions Yl, Y2 and numbers NYl , 
NY2 . The Y estimated position considered the least in error 
is determined as a Y position of the spot image. 
[0105] 

The spot-image position calculating device 37 stores the 
determined spot-image X and Y positions in the spot-image 
storage area 45. 
[0106] 

Referring back to Fig. 14, it is determined at step 12 6 
whether or not all the spot-image positions have been detected 
in position. In this stage, because nothing has been detected 
more than the first spot-image position, negative 
determination is made and hence the process moves to step 127. 
[0107] 

At the step 127, the data-distribution preparing device 
3 4 extracts the region the next spot image is formed. From 
then on, the steps 122 - 127 are repeated until an affirmative 
determination is done at the step 12 6. Similarly to the 
detection of the first spot-image position, spot-image 
positions are detected in order and stored in the spot-image 
position storage area 45. When an affirmative determination 
is made at the step 12 6, the process of the subroutine 114 is 
ended and the process moves to step 115 in Fig. 7. 
[0108] 
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At the step 115, the wavef ront-aberration calculating 
device 33 reads the detection result of spot-image positions 
out of the spot-image storage area 45 and calculates a wavef ront 
aberration of through the projection optical system PL as to 
the light passed through the first pinhole pattern PH! of the 
reticle- for-measurement RT. The wavef ront aberration is 
calculated by determining a coefficient of a Czernik 
polynomial, from the difference between the spot-image 
position expected in the absence of wavefront aberration and 
the detected spot-image position. The wavefront aberration 
thus determined is stored, together with the pinhole pattern 
PHi position, in the wavef ront-aberration data storage area 
46. 

[0109] 

Then, at step 116, it is determined whether or not the 
wavefront aberration of through the projection optical system 
PL has been calculated on all the pinhole patterns. In this 
stage, because the wavefront aberration of through the 
projection optical system PL has been calculated only on the 
first pinhole pattern PHi, determination is made negative and 
hence the process moves to step 117 . 
[0110] 

At the step 117, the wafer stage WST is moved such that 
the opening 91a of the label plate 91 of the wavefront sensor 
9 0 comes to the conjugate position of the next pinhole pattern 
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PH to the projection optical system PL. The movement is made 
by controlling the wafer-stage drive section 24 through the 
stage control system 19 by means of the main control system 
20, depending upon the positional information (speed 
information) of the wafer stage WST detected by the wafer 
interferometer 18 . Incidentally, in also this time, depending 
upon the multi-point focal position detecting system (21, 22) , 
the main control system 2 0 slightly drives, as required, the 
wafer stage WST in the Z-axis direction through the wafer-stage 
drive section 24, in order to place the upper surface of the 
label plate 91 of the wavefront sensor 90 in coincidence with 
the image plane on which the image of pinhole pattern PH2 is 
focused. 
[0111] 

Similarly to the case of the pinhole pattern PHi , measured 
is the wavefront aberration of through the projection optical 
system PL. The result of wavefront aberration measurement is 
stored, together with the pinhole pattern PH 2 position, in the 
wavef ront-aberration data storage area 44. 
[0112] 

From then on, similarly to the above, measurement is made, 
in order, for the wavefront aberrations of the projection 
optical system PL as to all the pinhole patterns. The 
measurement result on each opening pattern is stored, together 
with the opening pattern position, in the wavef ront-aberration 



61 



JP2002-202221 



data storage area 44. After measured the wavefront 
aberrations of the projection optical system PL as to all the 
pinhole patterns, affirmative determination is made at the 
step 117. Then, the control device 39 reads the measurement 
result of wavefront aberration out of the wavefront -aberration 
data storage area 44 and supplies it, as wavef ront-measurement 
result data WFA, to the main control system 20. Thereafter, 
the process moves to step 102 in Fig. 6. 
[0113] 

At the step 102, the main control system 20 determines 
whether or not the measurement of wavefront aberration of 
through the projection optical system PL is equal to or smaller 
than a permissible value, depending upon the 
wavef ront-measurement result data WFA supplied from the 
control device 39 . When the determination is affirmative, the 
process moves to step 104. Meanwhile, when the determination 
is negative, the process moves to step 103. Assuming that the 
determination is negative in this stage and the process moves 
to the step 103, the following is explained. 
[0114] 

At the step 103, the main control device 20 adjusts the 
wavefront aberration of through the projection optical system 
PL in a manner reducing the wavefront aberration now present, 
depending upon the measurement result of wavefront aberration 
of through the projection optical system PL. The wavefront 
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aberration is adjusted by controlling the movement of the lens 
element through the focus -characteristic correcting 
controller 51 by means of the control device 39 or, in a certain 
case, by manually moving the lens element of the projection 
optical system PL on the XY plane or exchanging the lens 
element . 
[0115] 

Subsequently, in the subroutine 101, the adjusted 
wavefront aberration is measured as to the projection optical 
system PL, similarly to the above. From then on, the wavefront 
aberration adjustment of the projection optical system PL 

(step 103) and the measurement of wavefront aberration (step 
101) are repeated until an affirmative determination is made 
at the step 102. When an affirmative determination is made 
at the step 102, the process moves to step 104. 

[0116] 

At the step 104, the wavefront sensor 90 is removed from 
the wafer stage WST, to make a disconnection between the 
wavef ront-data processor 80 and the main control system 20. 
Thereafter, a reticle R, formed with a pattern desired to 
transfer, is loaded on the reticle stage RST by means of a 
not-shown reticle loader, under control of the main control 
system 20 . Meanwhile, a wafer W desired for printing is loaded 
onto the wafer stage WST by means of the not-shown wafer loader . 
[0117] 
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Then, at step 105, measurement preparatory for printing 
is conducted under control of the main control system 20. 
Namely, preparatory operations are performed including a 
reticle alignment using a not-shown reference mark plate 
arranged on the wafer state WST and a baseline amount 
measurement using the alignment microscope AS. Meanwhile, 
when the printing of the wafer W is for the second-level layer 
or higher, the arrangement coordinate of a shot area is 
accurately detected on the wafer W by the EGA measurement using 
the alignment microscope AS in order to form a circuit pattern 
with well overlying accuracy with the circuit pattern already 
formed. 
[0118] 

Then, at step 106, printing is conducted. In the 
printing operation, the wafer stage WST is moved such that the 
wafer W at its XY position comes to a scanning start position 
for printing of the first shot area over the wafer W. Depending 
upon the positional information (speed information) , etc. of 
from the wafer interferometer 18 (for the case of printing of 
the second- level layer and higher, detection result of the 
positional relationship between the reference coordinate 
system and the arrangement coordinate system, positional 
information (speed information) of from the wafer 
interferometer 18, etc.), that is effected through the stage 
control system 19, wafer-stage drive section 24, etc. by the 
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main control system 2 0 . Simultaneously, the reticle stage RST 
is moved such that the reticle R at its XY position comes to 
a scanning start position. The movement is made by the main 
control system 20 through the stage control system 19, 
not-shown reticle drive section, etc. 
[0119] 

Then, according to the instruction of from the main 
control system 20, the stage control system 19 performs a scan 
printing by relatively moving the reticle R and the wafer W 
while adjusting the surface position of the wafer W, through 
the not-shown reticle drive section and wafer-stage drive 
section 24, depending upon the wafer Z positional information 
detected by the multi-point focal position detecting system 
(21, 22) , the reticle-R XY positional information measured by 
the reticle interferometer 16 and the wafer-W XY positional 
information measured by the wafer interferometer 18. 
[0120] 

After completing the printing of the first shot area in 
this manner, the wafer stage WST is moved to a scanning start 
position for printing at the next shot area while the reticle 
stage RST is moved to a scanning start position at the XY 
position of the reticle R. Then, scanning printing is 
conducted as to the relevant shot area similarly to the first 
shot area. From then on, scanning printing is conducted 
similarly as to each shot area, thus completing the printing. 
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[0121] 

At step 107 , the wafer W completed of printing is unloaded 
from the wafer holder 25 by means of a not-shown unloader. In 
this manner, the printing process on one wafer W completes. 
[0122] 

In the subsequent printing of the wafer, wafer printing 
operation is conducted at steps 104 - 107 while measuring and 
adjusting the wavefront aberration of through the projection 
optical system PL at the steps 101 - 103 as required. 
[0123] 

As explained above, the embodiment applies the 
center-of -gravity method to an analytic data distribution at 
an analytic width each defined by one pair of odd and even 
numbers, to calculate as a spot-image estimated position an 
odd-based center-of -gravity position upon using an estimated 
analytic width and an odd number and an even center-of -gravity 
position upon using an estimated analytic width and an even 
number. Based on the odd-based and even-based 

center-of -gravity positions, a spot-image position is 
determined while taking account of the nature of error 
occurrence due to the center-of -gravity method. Accordingly, 
even where there are a smaller number of pixels in a spot image, 
a spot-image position can be detected with swiftness and 
accuracy. 
[0124] 
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Meanwhile, in preparing an analytic data distribution 
for use in detecting a spot-image position, spot-image 
position can be accurately detected because of no use of pixel 
data considered in a level of noise. 
[0125] 

Meanwhile, because of preparing the analytic data 
distribution by maximally utilizing the data considered 
containing a signal component, spot-image position can be 
detected accurately. 
[0126] 

Meanwhile, because of detecting a spot-image position 
by determining an estimated position considered the smallest 
in error of among the odd-based, even-based and average 
center-of -gravity positions, spot-image position can be 
detected with swiftness and accuracy. 
[0127] 

Meanwhile, because of calculating the wavefront 
aberration of through the projection optical system PL by using 
a spot-image position determined accurately, a wavefront 
aberration of through the projection optical system can be 
determined accurately. 
[0128] 

Meanwhile, by adjusting the aberration of through the 
projection optical system PL depending upon the wavefront 
aberration of through the projection optical system PL 
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determined accurately, a predetermined pattern formed on the 
reticle R can be projected onto a wafer-W surface by the 
projection optical system PL whose aberrations are fully 
reduced. Accordingly, the predetermined pattern can be 
accurately transferred to the wafer W. 
[0129] 

Incidentally, the embodiment prepared an analytic data 
distribution concerning a predetermined direction for use in 
detecting a spot-image position by taking a sum over pixel 
columns without using the pixel data considered in a level of 
noise. Alternatively, an analytic data distribution can be 
prepared concerning a predetermined direction by taking a sum 
over a plurality of pixel columns made up by the maximum number 
of pixels of among those a predetermined threshold of pixel 
data is arranged continuous along a predetermined direction 
in a spot-image pixel data distribution. In such a case, 
because noise components are averaged that are contained in 
the data of each pixel position in the analytic data 
distribution, spot-image position can be detected accurately. 
[0130] 

Meanwhile, the embodiment detected a spot-image 
position by determining an estimated position considered the 
smallest in error of among the odd-based, even-based and 
average center-of -gravity positions . Alternatively, 
spot-image position can be detected also by calculating a 
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weighted mean over odd-based and even-based center-of -gravity 
positions. Namely, spot-image position can be detected 
accurately by calculating a weighted mean that weight is 
increased at the odd-based center-of -gravity position in the 
range where odd-based center-of -gravity position is well in 
accuracy while weight is increased at the even-based 
center-of -gravity position in the range where even-based 
center-of -gravity position is well in accuracy. 
[0131] 

For such a weighted mean position PD, provided that the 
width of pixels is A, the odd-based center-of -gravity position 
is PO, the even-based center-of -gravity position is PE, the 
mean center-of -gravity position is PA ( = (PO + PE)/2) and the 
area of pixels where the odd-based and even-based 
center-of -gravity positions PO, PE are existent is [PS, PS + 
A] , then the following equations (2) - (4) are to be employed. 

WO - (PA - PS) / (A/2) ... (2) 

WE = (PS - A/2 - PA) /(A/2) ... (3) 

PD = WO ■ PO + WE - PE . . . ( 4 ) 

[0132] 

The error eB, from the true spot-image position of the spot 
position calculated from the above equations (2) - (4), is given 
at the solid line shown in Fig. 16. Incidentally, in Fig. 16, 
there are shown, for comparison, at the dotted lines the error 
80 of the odd-based center-of -gravity position from the true 
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spot- image position and the error eE of the even-based 
center-of -gravity position from the true spot-image position. 
As understood from Fig. 16, the spot-image position PD 
calculated by the equations (2) - (4) is matched to the true 
spot-image position with quite well accuracy. 
[0133] 

Second Embodiment 

A second embodiment of the invention will be explained 
in the below. The lithographic printer in this embodiment is 
structured similarly to the lithographic printer 100 of the 
first embodiment. The difference from the first embodiment 
lies only in that the operation of data-distribution preparing 
device 34, the determining device 35, the estimated-position 
calculating device 3 6 and the spot-image position calculating 
device 37 in Fig. 5, i.e. the process at steps 122 - 125 in 
Fig. 14. Accordingly, the present embodiment is explained 
below while putting the eye on the difference. Incidentally, 
in explaining the embodiment, the elements equivalent to those 
of the first embodiment are attached with the same reference 
numerals, to omit duplicated explanations. 
[0134] 

Explanation is now made below on the printing operation 
of the lithographic printer 100 of the present embodiment. 
[0135] 

In the embodiment, wavef ront aberration is also measured 



70 



JP2002-202221 



on the projection optical system PL in Fig. 6 subroutine 101, 
similarly to the first embodiment. In the measurement of 
wavefront aberration, the steps 111 - 113 shown in Fig. 7 are 
executed similarly to the first embodiment, i.e. executed are 
loading of a reticle-f or-measurement (step 111) , moving the 
wavefront sensor 90 to a first measurement position (step 112) , 
and imaging of a spot image (step 113) . In a subroutine 114, 
spot-image positions are detected. 
[0136] 

In the subroutine 114, the data-distribution preparing 
device 34 of the position detecting device 32, at step 121 in 
Fig. 14, first reads image data out of the image-data storage 
area 41 and extracts the region the first spot image (j =1) 
is formed. The spot image region SPAj thus extracted is shown 
in Fig. 17 (A) . 
[0137] 

Referring back to Fig. 14, the data-distribution 
preparing device 34 at step 122 prepares X-directional 
analytic data distribution JX P (X) (p = 1, ...) and 
Y-directional analytic data distribution JYq(Y) (q = 1, . . . ) . 
In preparing the analytic data distributions JX P (X) , JY q (Y) , 
the data-distribution preparing device 34 first extracts the 
pixels that had a brightness equal to or greater than a 
predetermined threshold. As a result, in the pixel-data 
distribution in Fig. 17(A), pixel data extraction has 
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assumably been made of the pixels hatched crossed and the pixels 
hatched singly. 
[0138] 

Subsequently, the data-distribution preparing device 34 
extracts the string of pixels successively arranged equal to 
or greater than a predetermined number (e.g. four) along the 
X direction, out of the extracted pixel data. The pixel data 
distribution in the extracted pixel string is rendered as an 
analytic data distribution JX P (X) (p = 1, ...). In Fig. 17(a), 
the pixel strings which the pixels having a brightness equal 
to or greater than the predetermined threshold are arranged 
successively four or more, are those that are along the SLXi 
axis, SLX 2 axis and SLX 3 axis that are parallel with the X axis . 
As a result, as analytic data distributions JX P (X) are 
determined a pixel-data distribution JXi (X) of a string having 
five pixels along the SLXi axis in Fig. 17(B), a pixel-data 
distribution JX 2 (X) of a string having five pixels along the 
SLX 2 axis in Fig. 17(C) , and a pixel data distribution JX 3 (X) 
of a string having four pixels along the SLX 3 axis in Fig . 17(D) . 
Meanwhile, the data-distribution preparing device 34 extracts 
the pixel strings successively arranged equal to or greater 
than a predetermined number (e.g. four) along the Y direction, 
out of the extracted pixel data. The pixel data distribution 
in the extracted pixel string is rendered as an analytic data 
distribution JY P (Y). 
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[0139] 

The data-distribution preparing device 34 determines 
the number of pixels in each of the analytic data distribution 
JXp(X) and the number of pixels in each of the analytic data 
distribution JY P (Y) . For example, the number of pixels NXi, 
NX 2 , NX 3 in Fig. 17(B) - 17(D) is "5, 5, 4". 
[0140] 

The data-distribution preparing device 3 4 stores the 
determined analytic data distributions JX P (X) , JY q (Y) and the 
maximum numbers NX P , NY q in the data-distribution storage area 
42 . 

[0141] 

Referring back to Fig. 14, at step 123, the deciding 
device 35 of the position detecting device 32 reads the maximum 
numbers NX P , NY q out of the data-distribution storage area 42 
and determines one odd number NXl p and one even number NX2 P , 
that define respective analyzing ranges of the analytic data 
distributions JX P (X), for use in detecting a spot-image X 
position. Meanwhile, the determining device 3 5 determines one 
odd number NYl q and one even number NY2 q , that define respective 
analyzing ranges of the analytic data distributions JY P (Y), 
for use in detecting a spot-image Y position. 
[0142] 

Here, when the number of pixels NX P is an odd number, 
the number NXl p is determined as a number NX P and the number 
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NX2 P as a number (NX P - 1) . Meanwhile, when the number of pixels 
NX P is an even number, the number NX2 P is determined as a number 
NX P and the number NX1 P as a number (NX P - 1) . Incidentally, 
because of the maximum number NXi - 5 in the analytic data 
distribution JXi (X) shown in Fig. 17(B), determination is as 
NXli=5 and NX2i = 4. Meanwhile, because of the maximum number 
NX 2 = 5 in the analytic data distribution JX 2 (X) shown in Fig. 
17 (C) , determination is as NX1 2 =5 and NX2 2 = 4. Because of the 
maximum number NX 3 = 4 in the analytic data distribution JX 3 (X) 
shown in Fig. 17(D) , determination is as NX1 3 = 3 and NX2 3 = 4. 
[0143] 

Meanwhile, when the number of pixels NY q is an odd number, 
the number NYl q is determined as a number NY q and the number 
NY2 q as a number (NY q - 1) . Meanwhile, when the number of pixels 
NY q is an even number, the number NY2 q is determined as a number 
NY q and the number NYl q as a number (NY - l) q . 
[0144] 

Then, the determining device 3 5 stores the determined 
numbers NX1 P , NX2 P , NYl q , NY2 q in the analytic-width storage 
area 43 . 
[0145] 

Referring back to Fig. 14, the estimated-position 
calculating device 36 of the position detecting device 32 at 
step 124 reads the analytic data distributions JX P (X) , JY q (Y) 
out of the data-distribution storage area 42, and the numbers 
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NXl p/ NX2 P , NYl q , NY2 q out of the analytic-width storage area 
43 . Subsequently, the estimated-position calculating device 
3 6 calculates a first estimated X position Xl p on each analytic 
data distribution JX P (X) by the center-of -gravity method 
depending upon the analytic data distribution JX P (X) and number 
NXlp similarly to the case in the first embodiment, and a second 
estimated X position X2 P by the center-of -gravity method 
depending upon the analytic data distribution JX P (X) and number 
NX2 P . 
[0146] 

Meanwhile, the estimated-position calculating device 3 6 
calculates a first estimated Y position Yl q by the 
center-of -gravity method depending upon the analytic data 
distribution JY q (Y) and the number NYl q , and a second estimated 
Y position Y2 q on each analytic data distribution JY q (Y) by 
the center-of -gravity method depending upon the analytic data 
distribution JY q (Y) and the number NY2 q , similarly to the case 
of the analytic data distribution JX P (X). 
[0147] 

Then, the estimated-position calculating device 3 6 
stores the first and second estimated X positions Xl p , X2 P , 
the first and second estimated Y positions Yl q , Y2 q and the 
numbers NXl p , NX2 P , NYl q/ NY2 q in the estimated-position storage 
area 44. 
[0148] 
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Referring back to Fig. 14, the spot-image position 
calculating device 37 of the position detecting device 32 at 
step 125 reads the first and second estimated X positions Xl p/ 
X2 P , the first and second estimated Y positions Yl q , Y2 q and 
NXl p/ NX2 P , NYl q/ NY 2 out of the es timated-posi tion storage area 
44, and calculates spot-image X and Y positions. In 
calculating the spot-image X and Y positions, the spot-image 
position calculating device 37 first determines, for each of 
the analytic data distributions JX P (X), which X estimated 
position of among the first, second and mean estimated X 
position Xl p , X2 P and XA P (= (Xl p + X2 p )/2) is considered the 
least in error, depending upon the first and second estimated 
X positions Xl p , X2 P and the numbers NX1 P , NX2 P . Thus, the X 
estimated position considered the least in error is determined 
as a discrete estimated X position X0 P on each analytic data 
distributions JX P (X). Then, depending upon the number of 
pixels, pixel data values, etc. of each analytic data 
distribution JX P (X), a weighted mean over the discrete 
estimated X positions X0 P is calculated with a weight of a 
statistic reliability of each discrete estimated X position 
X0 P previously determined by simulation or so. 
[0149] 

Subsequently, the spot-image position calculating 
device 37 determines the discrete estimated Y positions YO q 
depending upon the first and second Y estimated positions Yl q , 
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Y2 q and the numbers NYl g , NY2 q , similarly to the case of the 
spot-image X position. By calculating a weighted mean over 
the discrete estimated Y positions Y0 q by using a weight of 
statistic reliability of the discrete estimated Y positions 
Y0 q , spot-image Y position is determined. 
[0150] 

The spot-image position calculating device 37 stores the 
determined spot-image X and Y positions in the spot-image 
position storage area 45. 
[0151] 

From then on, all the spot-image positions are detected 
to measure a wavefront aberration, similarly to the case in 
the first embodiment. Subsequently, the wavefront aberration 
is adjusted as required to reduce the wavefront aberration of 
through the projection optical system PL. By using the 
projection optical system PL whose wavefront aberration is 
adjusted decreased, the wafer W is exposed to radiation thereby 
transferring the pattern formed on the reticle R to the surface 
of the wafer W. 
[0152] 

As explained above, for each of a plurality of analytic 
data distributions, the embodiment applies the 
center-of -gravity method to the analytic data distribution at 
an analytic width each defined by one pair of odd and even 
numbers, to calculate as a spot-image estimated position an 
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odd-based center-of -gravity position upon using an estimated 
analytic width and an odd number and an even center-of -gravity 
position upon using an analytic width and an even number. 
Based on the odd-based and even-based center-of -gravity 
positions, a discrete estimated position is determined on each 
analytic data distribution while taking account of the nature 
of error occurrence due to the center-of -gravity method. 
Thereafter, a weighted mean is calculated over the discrete 
estimated values based on the statistic reliabilities of the 
discrete estimated values, thereby determining a spot image. 
Accordingly, even where there are a smaller number of pixels 
in a spot image, a spot-image position can be detected with 
swiftness and accuracy. 
[0153] 

Meanwhile, in preparing an analytic data distribution 
for use in detecting a spot-image position, spot-image 
position can be accurately detected because of no use of pixel 
data considered in a level of noise, similarly to the first 
embodiment . 
[0154] 

Meanwhile, because of preparing the analytic data 
distribution by maximally utilizing the data considered 
containing a signal component, spot-image position can be 
detected accurately. 
[0155] 
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Meanwhile, because of detecting a spot-image position 
by determining an estimated position considered the smallest 
in error of among the odd-based, even-based and average 
center-of -gravity positions, spot-image position can be 
detected with swiftness and accuracy. 
[0156] 

Meanwhile, because of calculating the wavefront 
aberration of through the projection optical system PL by using 
a spot-image position determined accurately, a wavefront 
aberration of through the projection optical system can be 
determined accurately. 
[0157] 

Meanwhile, by adjusting the aberration of through the 
projection optical system PL depending upon the wavefront 
aberration of through the projection optical system PL 
determined accurately, a predetermined pattern formed on the 
reticle R can be projected onto a wafer-W surface by the 
projection optical system PL whose aberrations are fully 
reduced. Accordingly, the predetermined pattern can be 
accurately transferred to the wafer W. 
[0158] 

Incidentally, the embodiment prepared an analytic data 
distribution concerning a predetermined direction for use in 
detecting a spot-image position by taking a sum over pixel 
columns without using the pixel data considered in a level of 
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noise. Alternatively, an analytic data distribution can be 
prepared concerning a predetermined direction by taking a sum 
over a plurality of pixel columns made up by the maximum number 
of pixels of among those a predetermined threshold of pixel 
data is arranged continuous along a predetermined direction 
in a spot-image pixel data distribution, similarly to the first 
embodiment . 
[0159] 

Meanwhile, the embodiment detected a discrete estimated 
position by determining an estimated position considered the 
smallest in error of among the odd-based, even-based and 
average center-of -gravity positions . Alternatively, 
spot-image position can be detected also by calculating a 
weighted mean over odd-based and even-based center-of -gravity 
positions. Namely, spot-image position can be detected 
accurately by calculating a weighted mean that weight is 
increased for the odd-based center-of -gravity position in the 
range where odd-based center-of -gravity position is well in 
accuracy while weight is increased for the even-based 
center-of -gravity position in the range where even-based 
center-of -gravity position is well in accuracy. 
[0160] 

Incidentally, in the embodiments, one odd number and one 
even number were used in determining odd-based and even-based 
center-of -gravity positions. Alternatively, two or more odd 
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or even numbers can be used. 
[0161] 

Meanwhile, in the embodiments, the center-of -gravity 
method was used in determining two estimated values from the 
analytic data distribution, depending upon the odd and even 
numbers. Alternatively, other algorisms can be used. Namely, 
an algorism, if two estimated values in accordance with the 
odd and even numbers has a known relationship, can be used in 
place of the center-of -gravity method. 
[0162] 

In the embodiments, the odd and even numbers were 
determined from the spot images taken. However, where the spot 
image size can be estimated previously, odd and even numbers 
for use in the center-of -gravity method can be determined in 
accordance with the size thereof. In such a case, the 
determining device 35 can be omitted in the embodiment. 
[0163] 

Meanwhile, in the embodiments, opening patterns were 
nine in the number in the reticle-f or-measurement . The number 
can be increased and decreased in accordance with the 
measurement accuracy of a desired wavefront aberration. 
Meanwhile, the number and form, in microlens 94a arrangement 
in the microlens array 94, can be changed in accordance with 
the measurement accuracy of a desired wavefront aberration. 
[0164] 
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Meanwhile, in the embodiments, during printing, the 
wavef ront-aberration measuring instrument 7 0 was separated 
from the printer body 60. It is natural that printing may be 
conducted with the wavef ront-aberration measuring instrument 
70 attached on the printer body 60. 
[0165] 

Meanwhile, the embodiments explained the cases with the 
scanning lithographic printer. However, the invention is 
applicable to any of a step-and-repeat apparatus, a 
step-and-scan apparatus and a step-and-switching apparatus 
provided that a lithographic printer having a projection 
optical system. 
[0166] 

Meanwhile, in the embodiments, the invention was applied 
to the aberration measurement in a lithographic printer's 
projection optical system. However, the invention is 
applicable to the measurement of aberrations in a focus optical 
system of an apparatus in other type without limited to the 
lithographic printer. 
[0167] 

Furthermore, the invention is applicable to the 
measurement of optical characteristics of various optical 
systems, e.g. reflection mirror form, that is other than the 
aberration measurement in an optical system. 
[0168] 
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Device Manufacture 

Explanation is made on the device manufacture using the 
lithographic printer of the embodiment. 
[0169] 

Fig. 18 shows a flowchart to produce a device (a 
semiconductor chip such as an 1C or an LSI , a liquid-crystal 
panel, a CCD, a thin-film magnetic head, a micro-machine, or 
the like). As shown in Fig. 18, at step 201 (design step), 
device functional design (e.g. semiconductor device circuit 
design) is made, to make a pattern design for realizing the 
function. Subsequently, at step 202 (mask fabrication step) , 
a mask is fabricated formed with the circuit pattern designed. 
Meanwhile, at step 203 (wafer making step) , a wafer is made 
by use of a material such as silicon. 
[0170] 

Then, at step 204 (wafer process step) , an actual circuit, 
etc. is formed on the wafer by the lithography technique with 
use of the mask and wafer prepared at the steps 2 01 - 2 03. Then, 
at step 205 (device assembling step) , the wafer processed at 
the step 2 04 is made into chips. At the step 2 05, there are 
included processes , such as assembly process (dicing, bonding) 
and a packaging process (chip seal) . 
[0171] 

Finally, at step 206 (test step) , tests such as operation 
confirm test and durability test are conducted on the device 
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fabricated at the step 2 05. After passing the processes, a 
device is completed, which is shipped. 
[0172] 

Fig. 19 shows a detailed flow example of the step 2 04 
for a semiconductor device. In Fig. 19, oxidation is made on 
a wafer surface at step 211 (oxidation step) . At step 212 (CVD 
step) , an insulation film is formed over the wafer surface. 
At step 213 (electrode forming step) , electrodes are formed 
over the wafer by evaporation. At step 214 (ion implant step) , 
ion is implanted to the wafer. The steps 211 - 214 constitute 
a former half process, to be executed with a selection in 
accordance with the process required in each stage. 
[0173] 

When the former half process ends in the stages of wafer 
process , the latter half process is executed as in the following. 
In the latter half process, a photosensitive agent is applied 
to the wafer at step 215 (resist forming step) . Subsequently, 
at step 216 (printing step) , the on-mask circuit pattern is 
printed onto the wafer by the lithographic printer according 
to the embodiment explained above. Then, at step 217 
(development step) , development is made on the wafer exposed 
to radiation. Subsequently, at step 218 (etching step) , the 
exposed member is removed by etching, in an area other than 
the areas where the resist remains. At step 219 (resist 
removal step) , the resist made unnecessary, after etching, is 
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removed away. 
[0174] 

By repeating the former half and latter half processes, 
circuit patterns are formed overlying the wafer. 
[0175] 

In the above manner, a device is manufactured formed with 
a precise pattern with accuracy. 
[0176] 

[Effect of the Invention] 

As explained in detail above, according to the position 
detecting method of the invention, spot-image position can be 
detected with swiftness and accuracy even where there are a 
small number of pixels in a spot image. 
[0177] 

Meanwhile, the position detecting device of the 
invention detects a spot-image position by utilization of the 
position detecting method of the invention. Accordingly, 
spot-image position can be detected with swiftness and 
accuracy even where there are a small number of pixels in a 
spot image. 
[0178] 

Meanwhile, the optical-characteristic measuring method 
in the invention detects a plurality of spot-image formed 
position, reflecting thereon the optical characteristic of a 
detecting optical system, by means of the position detecting 
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method of the invention, and to measure an optical 
characteristic of the detecting optical system depending upon 
a plurality of pattern positions detected. Accordingly, the 
optical characteristic of the detecting optical system can be 
detected with swiftness and accuracy. 
[0179] 

Meanwhile, the optical-characteristic measuring 
instrument of the invention measures an optical characteristic 
of the measuring optical system by use of the 
optical-characteristic measuring method of the invention. 
Accordingly, the optical characteristic of the optical 
detecting system can be detected with swiftness and accuracy. 
[0180] 

Meanwhile, the lithographic printer of the invention has 
an optical-characteristic measuring instrument of the 
invention for measuring an optical characteristic of a 
projection optical system. Accordingly, the optical 
characteristic can be measured by the optical-characteristic 
measuring instrument. By using the projection optical system 
ensured the optical characteristic is well adjusted, a 
predetermined pattern can be transferred onto a substrate. 
[0181] 

Meanwhile, the device-manufacturing method of the 
invention is to transfer a predetermined pattern onto a 
substrate in a lithography process by use of the printing method 
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of the invention. Accordingly, a device can be manufactured 
formed accurately with a precise pattern. 

[Brief Description of the Drawings] 

[Fig. 1] is a figure schematically showing a 
configuration of a lithographic printer according to a first 
embodiment of the invention. 

[Fig. 2] is a figure schematically showing a structure 
of a Fig. 1 wavefront sensor in Fig. 1. 

[Fig. 3] is a figure for explaining the state of the 
surface of a Fig. 2 label plate. 

[Fig. 4] Figs. 4(a) and 4(B) are figures showing a 
structure of a Fig. 2 microlens array. 

[Fig. 5] is a block diagram showing a configuration of 
a Fig. 1 main control system. 

[Fig. 6] is a flowchart for explaining the process in 
printing operation according to Fig. 1 apparatus. 

[Fig. 7] is a flowchart for explaining the process in 
a Fig. 6 aberration measurement subroutine. 

[Fig. 8] is a figure showing a measuring pattern example 
formed on a reticle-f or-measurement . 

[Fig. 9] is a view for explaining an optical arrangement 
in wavef ront-aberration measurement. 

[Fig. 10] Figs. 10(A) and 10(B) are figures (1/4) for 
explaining the principle of spot-image position detection in 
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a first embodiment . 

[Fig. 11] Figs. 11(A) and 11(B) are figures (2/4) for 
explaining the principle of spot-image position detection in 
the first embodiment. 

[Fig. 12] Figs. 12(A) and 121(B) are figures (3/4) for 
explaining the principle of spot-image position detection in 
the first embodiment. 

[Fig. 13] is a figure (4/4) for explaining the principle 
of spot-image position detection in the first embodiment. 

[Fig. 14] is a flowchart for explaining a process in Fig. 
7 spot-image position detecting subroutine. 

[Fig. 15] Figs. 15(A) and 15(B) are figures for 
explaining a spot image taken and analytic data distribution 
in the first embodiment. 

[Fig. 16] is a figure for explaining a modification. 

[Fig. 17] Figs. 17(A) - 17(D) are figures for explaining 
a spot image taken and analytic data distribution in the first 
embodiment . 

[Fig. 18] is a flowchart for explaining a 
device-manufacturing method using the lithographic printer 
according to the first and second embodiments. 

[Fig. 19] is a flowchart of a process in a Fig. 18 wafer 
process step. 

[Description of Reference Numerals and Signs] 

32 ... position detecting device, 33 . . . 
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wavef ront-aberration calculating device 

(optical-characteristic calculating device) , 34 ... 
data-distribution preparing device (preparing device) , 3 5 ... 
determining device, 3 6 ... estimated-position calculating 
device, 37 . . . spot-image position calculating device, 60 . . . 
printer body, 90 ... wavef ront-aberration measuring 
instrument (optical-characteristic measuring instrument) , 
94 ... microlens array (wavefront split device) , 94a . . . 
microlens (lens element) , 95 ... CCD (imaging device) , PL . . . 
projection optical system (detecting optical system) , W . . . 
wafer (substrate) . 
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[Fig. 1] 

20. Main control system 

[Fig. 6] 
Start 

101. Measure wavefront aberration through projection optical 
system PL 

102 . Wavefront aberration equal to or smaller than permissible 
value? 

103. Adjust wavefront aberration 

104. Load reticle R, wafer W 

105. Printing-preparing operation 

106. Printing 

107. Unload wafer W 
End 

[Fig. 7] 
Start 

111. Load reticle-to-measure RT 

112. Move wavefront sensor 90 to first measuring position 

113 . Imaging 

114. Detect spot image position 

115. Calculate wavefront aberration 

116. Wavef ront-aberration measurement completed on all 
pinhole patterns? 
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117. Move wavefront sensor 90 to next measuring position 
Return 

[Fig. 14] 
Start 

121. Extract first spot image region 

122. Prepare analytic data distribution 

123 . Determine odd and even numbers for use in positional 
detection 

124. Calculate estimated position 

125. Detect spot image position 

126. All spot image positions detected? 

127. Extract next spot image region 
Return 

[Fig. 18] 

2 01. Design (function, performance, pattern) 

202. Mask fabrication 

2 03. Wafer making 

204. Wafer process 

205. Device assembly 

206. Examination 

[Fig. 19] 

211. Oxidation 
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213. Electrode forming 

214. Ion implant 

215. Resist forming 

216. Exposure 

217. Development 

218 . Etching 

219. Resist removal 

A. Former-half process 

B. Latter-half process 
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izt mm. t -r &mcm 1 ciem^s^ai^. 
[ it#js 1 1 ] mmm\T- tftmhwzmt 

WZ& v ^xm%.mk±.commT- 9 t>m%m%-n^z 
^xmmix^m^miTxh^z b mmbtt 
mm 1 0 ^m^mm^m. 
\mim 1 2 ] mimmiT-?ftmzti?tii,z}5^ 
x. mMmicomi. mmmmmzmm^mfo 
mmm2com±. mzmmbmv&^mxhz 
z b m^bi-m^ 1 1 izmtiwmmtittm, 

comx'hhzbmmb^ms.m 0-120^ 
K^mztm^mmsfim, 
[n*jai4] fine®5ig{s, 
mimmiT-fftttzibcom 1 &%.&w.Rv : mi&g2 
mfe&mzm^x . mmmw\m-?mz' b comm 
mfc&msih&mxnb •, mtmww-fft^z 
b cDmwmfe&sizm^ ^x . mtix # b mcow^m 
Wjfomi-mmstbhm7JM-, bz&tszb* 
mmb-t&tmm o~i 3cD^i*tij)—mzmMco& 

1 mxm 1 5 ] Mien 1 jmxh . mmmwmfemz* 
b commmmmizm tx huib ffliMi^iwit 

¥%)Z*ib&Zb lz£ 0, Bulfi^^'y bmcomMffifcfj 

mzmti m.z**bz> z b mmb -tin 1 4 n 
iBK^ea^tb^ffi. 

[ ii*Ji 1 6 ] friBftsfiaco^aiti » M'tmz x 0 
mzMmoim&itiij&« 
zmm&mwxhix . 
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mmT-fttmzmtmmmiwzt&wib ix. 
^mxhhw, 1 <vmaf\mx'hhm2 com^ < t 

x. mm^wz&&mi : mkxfoz>mcomm®.wco 

■t&&%< 1 1 i i mL'&wt'w&th tti> 
mmmm^mco^ximxh hmtitti^x ^ 
x. mmmn^iT-'-fttmz&^z , frfBmiB*e 
fneF^^-^T-Huie^iBSfiEfci^o^^ 20 

CDWm&WiCDftXX 9*£&T-?ffifc =Sr-3TV^Sl2 
B*©a k WJi-ft £ 4fcC»k L T . mimj&ffoiz&^m 

mi&mxfo h rnmrnftm.^- $ \zm^\ ^x , mux 

#>v Ym.aym%m^j^zm-th'ytc< b 1 1 ocom2 

ftSfiE^maj-r^msfim^iii^mk ; Miami 
<m&umm2mL&.mzm^x s mzxx>v m 
^mtm&j^zmthm.^^-; hmMmmm 

m^m&jmxh^x. 

m.m-hmmmb ■, mm&ffifc&^ximztdz 

ft¥?k<mmm*%ft^h%^m-&Tmb ■, ^ 

attorn a&mvtfe&mm&fm. 
wm&^mmxh^x. 

vmm&^hmmm-hmmmm^b ■, mmmm. 
nztfv hmzmmt&mims.b m^mmmzx 
ixmmtiKmBmwxtf'v h&*ti?tim&& 
m-r&mmi nzmtnwmiim&t ■, mmm. 
mmmmzx m&ztitzmwzxv h&<m.mzm 

i msm 2 1 ] tiKmsMm&i . v yxmmv 2 
wtrnzmmnt^A ?w vxtva xhhz\ b * 
wmb-tmsm 2 0 t^mtttiaa. 



0Xi22 1 (ifBi^ft^M^Bfc ; 

[ fit^is 2 3 ] «E3m#eai^a»i . frtass^ 
2 2tfEa^*3»3iai. 

ffiiE vvrvyn xmx\ f**n 2 2 xii 2 3 tisaw 

[000 1] 

ffiZ.crtfi&mzX'iXBtfLZtitiZtfv hi&coimZ® 

m%m&v*?mfflmg&. mizmemmmi 
mm-ftrnzmth. 

[00023 

mm*?, um^t-y/' xr«y^<^E«at 
M.cr>m%m&tf±b ixm^t>tix^&. 
[00033 frfr&m%.mmz&\^xte. ui-?mzb 
foztrtzw-yzmtttz. m^mmx\ %m.tem 

MzmZhtz&1$%K%mmiii-Z>£? tctstt$n 
[00043 t^Ls ^Wtkfc 0 

wtth z. b \mmxh 0 . mmz®mztitzft%%& 
mzim«%%®izim'thwwmmfrix it a . 
icotetb, mmz»^ixtz^B%^commmi. 

[00053 %z\x\ mmzwmziitii$B%&%v>£ 
x, zcoftmztitdmzti.zxxv hmB&b. % 



1 
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[ o o o 6 ] c: o ititimtRgffljmwi*. mm. a 

■tzmaWBm? klX. ¥fflt<&£Mfflti b Wfir 2 

tz*). &x#v Y%<DW®&tMt*rV7V'-Yffl&t<?> 
[00 07] 

mztix* KM'bm*?mm\$ . my^x\t^m<. - 
mzarnitz-mx-hh. *j«srnB*ft (mi 
if. *»h*»#5 (ftum) xs mm) . 
mmcD±zz£<omMZ'b*%mm (mux. 

■*^SS<01/1 0 0-1/1 0 0 OSS<0»ft) 

xxtfvhmcmm&i&zfto^Mz. a-rut** 

[0008] ^^*>. ^*c7)aC^T1±. SiWCf 

fc. (1 0 0X1 00- 

10 0 0X1 00 O^JK) <9fy7U- b»»i:<0fflW 

[0009] LfrLfctffcs ^fcfcftSiSSBHfcfctf 

[0010] *HBHtt, ***»*W(W>fc kt'&Sftfct 
0 , <£tf>8 1 tf) B toti » ^Kvh «<oHSJfc&^ 

& < «aj-f -& £ itiflraaj^&imwftass 
[ooii]^, *m&m20>Bmt. mmm 

[0 0 12] #fMHtf>!S3tf>BW{±. WSSfrK* 

->zmmzmm& < - ^ii^as- 
[o o 1 3] ifc, -mmmmmi. wmow 

[00 14] 



k, x,it>y hfRfiB*qjif€iri6ioii*<o+*fti!£t*s 
k#Ji, ^l-sm^fowB^afc^kltur. ft 

mznm& < h&ea^ai-ts ; k s . 
-n. >v bm&stimmmfcijfacommr&zfo 
it tn. ffin-tm%j}fo<7>mmmm.b 'ttax. 

h. u&»u tcomcoxxv bi&®M<7)b # iz\t. mm 
-tmmwmmzixt. ttz. ®mzixi>&mk 

\t. mmitz&wm&T)i3vxMz£r)M« t j:Mm 
sirs, mum>m<n%>inzi±. +mizmmzm.-t 
hi>\ xa. -MizmmtfmLt&Mt. mmifzTfi 
zfvx&xfo&n'kmiz&m-f&mmm&mk ttzt 

$t. m.izLtzb%bXWMb^X\^. 

it . &±<7) * o sfirfautfcdl^v vt # s titz i> (ox-h & . 
[0015] i-%fr-h. *%w<7)m.m&ijmit. mm 

x. friBx^-y bi&^mm&mzmmmT-ffr^ 

bmmfemizm&imcDtkiiiizfotz o mm-tt . 
mmmm7-9ftmzm~tz>MffimM&-tmt l 

®.<7)*xGm'*>hWLW?ix\ l z^ux . mmmnm. 
T-9ttmzt5^xm±mb%&mi mm&nz*>bb 

ix . wffittwz&jxmEtimx'h % mnmmim 

mtt&*< b 1 1 i mfcimzm&m3xn 
b ;mmmwL<D^xmx$>imti^tiiz^ 

x . mmvrftg.T- 9ftmzt5 v ^ . mzw, 1 as© 
a b . mmj&ifoximdm 1 a*ea t r o ^ 5 2 o 

tmmxhtm.<mmm.^T- 9 izm^\ ^x . max 

#v b&<7)m&%l£tjMzmt h'}ft£< b t loc7)H2 

ffimw.z%sf>&&4xnb ; MiB^i«^fia&^'fi 

s . i i ts r X^ -y h J iZit . WWXtf -y 

k itRx^-y ymxxv bwititi&. *wmm 
xa. frfr&mtoz r^-yhj nfm&n^i. 
[0016] MzxtiH. m 1 xmmmm^w 

&ZtitzMVmMl?~-9'ftttb . %2JMXmfeZtitz 

kizm^x. w$3xniz&^x. mt\iMti&f?>£o 
h\^<D$tmz^xmm%.m.*s.*bh> $tz. m 
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tlx. m5JM£.a\*Xs »i 2 
izfemitzmfecDTjvzfvx&cDftmzz&ix, x# 

[0017] Lfrtf-oX. XX -v h&cr>WmW>%^ 

m&x'h^xh, x#v hmn&mmmfr^mm&K 
[ooi8] ^wcomMHtfrnxu. msmm. 

mcb^X%htih^f~9%Mb^hZ.b hX% h U 
4 ft. ( b ) m£«Ua±<OB*r- * fcov >T . suiem 
SSriSj k ESrf 6 tfiftjfclJW S &a#fi& & aR^mse 

fcij kfct »WJ»fc^fc»ofcB*H 
KtSl vf , Hfrfcfrft^ffiS&aa^-OfflStoi^TB 

m-zzbt^o. 

[0019] £<o*&. mifflkrt&ttifti* . frie 
vxft-t&zktf-czh. ztx. mm i <mzmi 

k * j£v «k ^ i fc j&f*c& § . 

[ o o 2 o ] &ti. xminm&iiiifmx'ii. mtm 
Wivm* i w&ffiim i t -r & z. t * . 

[002 1] £<0%£, t5ffi»5lSfct$VvC, (a) 

Byien i isses, mtm 2 «t«ea, atmies 1 m 

b Miem 2 ftJgfta k W&fiBKo+tr, Jts^ 

mm i Jtsaaat k miem 2 jtsaaa k oaawt* ^ 

[ 0 0 2 2 ] ^m<o&mmijmx'ii. mtm 
mmtT-fftifii . b h l^nms&mxfaiz 
m^tzmmmzm-thmww-^^Mb u mum 
com. mmm?-*imzt£»8.u mms 
zmzts^x , iwiefflwwiT - ?#nir k fc*»fenst 
Buian 1 tmoMRxfittBSi 2 ^saic^a , m 
Mixxv h&nmmmijftizm'ft&wzxtb&zb 

[0 0 2 3] MiefflMiJr-^^^Wl 

ztiWz#^xmfemi±<onmT-?timm%jj 
mz&^xmfcbx&m.nmiTbi-& zbvxz 
*>. tlx. mimmf-^mti^tmzti^x. 



2 coli:^ MieBe^iiSck fti ifiv>fflRk^6 £ k 
[ 0 0 2 4 ] ifc, ffl^Jr-^ffi^tfr-f 

frsesi5ie#, friEfflS'PT-^^rkcomi 
ft^fiaav'Buia^ 2 «jgffitfc:a^v vc . bM^j 

immm?-?ftmzb<mm£.m.mzm^x , 1? 

fEx^-y b«w«iSBrS*|6lfcBW-4fia**ft5*7 
IS; k£-£tf£k#T'#*>. 

[ 0 0 2 5 ] ; :t, miem7Tmz}5\^x . mtimm 
k co^w^rfgffljstjs txmiimmw.iE.mco 

[0026] *«BH<o(aa»aj8att, 
vh&<mw&mm&&Mtotom?h'>x. mux 

-^^Sr^-TS^^a ( 3 4 ) k ; Miex^-y h 

mmm7-?ftmzmi-&mmzffi2tmb 1 
x. mc?&mivmxsmtx'$>m20M*'j?% 

< k t*tra»<^R*^f &*^B ( 3 5 ) k ; «r 

ia^Koaotfcsax'*) m*ti? ti\zr> \ ^x . mu 
mm®^-9 j rtmz&\^xm±m.b%hw. 1 mmm. 
%*>bbbx. m%m&}faiz&&mimmx%z>mco 
mmimcoT-fizm^x. ffie^^-v b^^friEm 
%3iHzm-th'y%< b 1 1 ocoi 1 ffim.mn-&-t 
■hbbuz, mwmcom.co^xm.xh & mtizti 

mm&w b . tRmttformm 1 B*ea k m 0 ^> 

0 2-9OBfgfiaort-C'J:0^^ 3 5rT-^€k^oTV^ 

&m2mmm.bcom%z*>bbix. mamxtoiz 
&£mmm?hmcoMm{m(?)T-?tzm^x. 

Miex^-y b«<0l9iEJ5r^ri6lt=W , f&^*< kilo 

c7)m2«isfi[a^iLai-ti>*iSfi[a#aj^a (36) 

k ; mIEm 1 *S(aa&l>'fffS^ 2 «Sfiafc*^v ^ 

Xs im&#vh&(Dmmitt\ftizm*iim*xx 
-y haawaaiB ( 3 7 ) k ; fcffiisffiiiftajsa-c 

[0027] cfifcifitr. a^nao^^*^^ 

»BfcJ:oT8S6SfLfelSl<^R («*) aVH2W|i( 
(ffiK) k^tf«9fc^Rfc:*^v^, «^fitaKfii^ 

*ii6€fi[aaixw2jtsfica*««>4. 

>y h (aa^asna^. » 1 «^«arm 2 *^atc»^ 

\&m&®MLX. XXvb&QMZVliili-tZ. Lftifi 
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[0028] ^mm^^wmfrnt. mmm 
(PD cDmm&mfe?&mm&M%xmTh'> 
x. m§mm&mitLtimmmtt%ii. mwx 

tLtzffi$m$kcr>* # -v h m-Ztl^tlcoGLW * , *?&bjcd 

{is ^aixig-c^ai $ti^fri£is^x*f 7 b^ea 

[0029] ZMzXtHf. ®BtfOMX'®miZBf8.Z 

*u mmMx-MMztitin&nxX'y hmttivtw 

j^-yvMmzm^x, %&wmuixu£ts\,* 
x, mm&&<Dmmmm&ztiz> , ifzw~?x, 

[0030]^, #&Bjfc7)ft^5£fr?2;Tl4. tWIB3t 

[0031] ttwxKtm&ti&im}* wrnzm 
(pl) (7ymmmm^hmmmmm.x'h-> 
x, mmm&e^mitLtzitzmwttmL. mtcox 

sKv bm£^)£-f S&fflftfJiPH 1 ( 9 4 ) i: ; f5fe«ifc 
c7)X*r-y HI£»&-f &j§&Ha ( 9 5 ) t ; ra!5»& 

Wn&Wmtim (32) t ; ff!BttB«i£B^SfcJ:o 

fri5M^^c7)3fe^tt^mtti'ti)^^#tt»ai^a 
( 3 3 ) ; zffii&mm®Mjgmx'$>$>. 
[0032] Mzxtitf, timftgm^z^xmm 
ztiKmwxtfv bmK m.mkmz^xmmti 
h. 3\%m%. v&<nm.t>K smassa* 

*m±<mwm$iim*ffi%t&mm!Mmz^ 

[0033] *^Hflc7)3K^14S!l^aT(4. Mie« 
tfW*^ l^fXH* (94a) #2&7cW£fWI$ 

tdmtuvyXTM (94) ktSflWtfcTs; 

[0034] *36^»K3^Wi. H^^*^ ( W) 
KBB»-t * i fc i 0 s J9r£*v - y £ mfBHSfc^K 



®mem (pd *^-tm%m.-*fo < 6 o ) t ; 

[0035] £fi£J:*i(4\ *^B^^^ttaiSHa 
fcj:9ft£il<3t:^tt*^£ii, )tWMfc 

tzifi~)X ^ 9r^A7 - y fcaEKfcllflSa < fe^-T !> £ 

[0036] ^jjofctt^fi-ete, iriE3fe^fttSl^ 

[0037] *»»*>7*A*>f XMst^ftiJ . U V /7 7 

*«BH^K3i3ia*ffiffl ixmmno £ t i 
o< mfeww-v*mmfk<%nmAzmm-kz\t 

[0038] 

cn&iemmm. 01-01 szmttxmwt 

[ 0 0 3 9 ] m 1 £14. #fMBco-SSiBB»fcffiSIBfc 
^a 1 0 0 ^IWMfjft^Sn-C v ^ . £ ^JK^X 1 

0 014. Xr-yT • 7Vh' ■ A* * VlrRnlBMt&tM 

nxfo h . c c^^3^a 1 0 0 (4 . *3^ib** 6 0 

b . *^Fttffl^HEi: LT^fflJRHiJ5g^a7 0 b 

[0040] frieis^a**6 014, stroj* 1 o . ^ 

^fc LTCO^^^PL. «M (»*) t tr^^x 
AWj&^m^^SXx-^ai: fCO^xyNXr-^' 

S TW^XAXf-yW S TcD&a&f^Srf W* 

[004 1] |f|ieB? B Ml 0i4. 3fc». 
D7^W, l^f-^;i/7"7-f y H . n>f -y ^ 

z. o itemamnmmi. mm. 10-112 
433 n&mzsmztvx v ^ . ; cob§bm 1 0 xn. 

1 uz^mm-tcmx-ykw-th. 

[ 0 0 4 2 ] huIB^^^t-^'R ST±tcttPf-^ 
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mmmzx-ox, v^ivR^mk^tz^. mw& 

Bmx-n±mm,ft±mcr> 2<%itv - rr?f- ax-? 
lixmmm^^fi. Ymmm^j jwmzzmmm?^ 
)vz^A.x\^tzfo, z^^zwmMfmmttt^x 

[0043] kf-^^Xr-v'RSTCOXf— i?®Wm 

a. tr o . 5 - 1 n mmm^mmx-mmta ztih.v 

mt {xummn) tt^-s^np* 1 9£/i-lt± 
mp^ 2 o tas^ii, ±m*br 2 o ii, 

[0044] ffffit^afe^ PL(1 l^^XT-X 
RST<D01fcfcttST*fcIIHS*U *«9ftHlAXO 

a, wi.trs»r nr y h u v ?%m>mx-h o , $31 

o z tt^fi^tt a x£qrt& 5FB*0>«Rtf> y Xx 

LfcLTIi. SUW»*i83WliHri/4. 1/5, 1/ 

£LT. BWBfc («*M6) I Uc£9l^?^R±c0f$ 

* - y jWSWWB?* P L t i o T8UW&*i8 -cifrhSfi 
fc« (»iW*fc«) jmsfCl^xh (SaKffJ) 

[ o o 4 5 ] as, ±f2coMSc<oi/y 
Xxi^ybcod^. ^i/yXxi/^yh (tfiji. 
If. Bfrg^so^w-yxxi^yi-) #*fi-e*isti±fc: 
^t&^jtgi&oTv^. a^suyXxi^ybo^Hi 

izft^xuh. ftfeuyxxuxyhi. * 

ftftim&tz. #B»*?«9S5{2*fc:JB tXXMA xfc 

zy-mztiLxffiMwimzs-i&zt fcs-si 



[ 0 0 4 6 ] Z o LXffifcZtltzi$BX&&PLX\i.. 

£®m% 2 o izx&i&mmmiEzy b n- 5 5 1 

Lfcl'yXxu^yhc^i&SWziO. fah-y 
ay. ttUfftt. *jSJRS£. XtiWKH^ 

[0047] suie^XAXr-vWSTJi, 

p l<ohi tfettsT^-c. ^0^<o^-x±{caas 

tl, iO^XAX-r-^*WST±fcii, >7XA^^2 
5#«S$;hX^4. ;co^xy\*;^2 5±fc^xvs 
WjPW*. JfS££iR*^fc J: -3 T H£$tiT v ^ S . "7X/\ 
*/UX2 5 l£F0jj?<o«»SISfc«fc 0 , S»*^»P 

^»PLw3e*Ax*mj (z^[6j) fcia»»nrigt«^ 

[0048] ttZ. VXJ^T-iWSTCO + Yljfam 
fcli, f^-r-I.^BS^y9-9 0 2:*^Sgi:-ri»^O 

[0049] ^XAXx-yiVSTti^ac*^ (Y^ 
ft) O^iftOA^^T, ^X^WiCO^^^H 7 

®&mmmmb&m&%Mmz&&z-£zz tw 

T-SSioC «^fttcSie^ft (x^ft) 

w«rtgt;fli^§iiTfc 0 . ^x^w±ct)#^ 3 -y 

yK • **+y»fts£fT3. ;w)x;uf-i^wsT 
{i^-^^^#^^x^Xx-viBiftgP2 4 fcJ: 0 X Y 

2dstiiMzmmztiz>> 

[0050] >7xyNXT-> ;r WST<0XYTffiF*)'C^ 

0) i8iz£~>x. &mmi 7*-ftbx* mufo. 5 
-1 nmmjm^mmxm^ia^fLx^h . 

p^i 9*^LT±spj«*2 0(ciSi?,ix, ±mmmo 

9a^XAXr~> J IBiJSP2 4Sr^tT'>x 

[0051] friers ^ y h^a^A s(i, tsa**^ 

li. Mi. If «fBPF9 - 2 1 9 3 5 4#&«£H!*3ivr 

[0052] mz. m 1 ^rwcu. ^xAWiiwi 
ft ) mu mmtz tz^mm%^ y*-*m 
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(21, 22) iffi»t>tlX^&. Cl«M7t 
-#X(sHHftiii* ( 2 1 , 2 2)14. *7T>f^ * 

fflHU>X (^fftt,TOS) *»6**J!RM3l£**2 1 

g§ (Vvffti^H^) ^jSSgMBe?*2 2 

2 2 ) WPWKrflli^SEfcov^tt, fidiWIWPFe - 2 

8 34 0 3#^f8fclB^$iiTV^. ££7*-#xffi 
mkft% (21, 2 2 ) fc J: S*{iJ»S*ti. X-r-^i 
M9K1 9ttJt&$*U>. 

[00 53] BUfBjSHlRMa!lS^M7 0 {4. «fe y^ 

9 0k. jftfflT-*«i3S»8 0 k*>£flt)£3*lT^ 

[0 0 54] HufaWfey-^OU:. H2lC^$tll»J; 
it. If*9 1, 3U^-^l^yX9 2, yyX9 3 
a&VVyX9 3 bj^J&SU 1^-1^X^9 3. ®ffi 

ftmm^t lx<?)~?a mvvXTVA 9 4 , m/izm. 

il^fik tTOC C D 9 5 ZmiXtS 0 . CcOUBffT'^ 
*AXi±teI!B$ivo*5. »fey-»f9 0 
14. «fey-f 9 0fcAltUaiWtf»M«fc*-4 
-96a, 96b, 9 6 c . MSiiZa >J ,X-:?^yX9 
2. Ul/-l/yX^9 3, ■7>f?nl/yX7M94 < 
CCD95,&^S5-96a, 96b, 96cM 

-r^jRiiAa5«9 7 *igfc:flii-cv^. 

[00 55] wi§m*M9 1 (4. ^Ufcf^xSK&S 
tfkU ^xy\*;ur2 5£[I]££;fi£^xy\WcDfiffl 
kl^tS§ffiS (z^rinjfiB) t. ^WAXifciS^-t 
*J:3fcKB3;h70>4 (0i#SB) . ioS^«9l 
co?tM(;:{4. 03C*$*i4J:'3fc. *«04>*»teBHP 
9 1 a:tfffj&3*l'CVi&. Atz. m*M9 lcOUffiKfc 

»hmu9 1 acommzii. 3m±t (H3T"J4. 4 

ffl) tf)2&7c(iMl$tfJffl7-? 9 1 bjWttfc&ihXH 
4. ;^2^7EfiJl«!l±iffl7-^9 1b>fC{4, #d£ 

^-x-?—?9 ict. Y-n^z^-oxm^tvtzy^ 
yrv vx^-x~?-? 9 1 dbcom^tmm^tix 
i^a. 54 yryFx^-*7-?9 1 c, 91 
da. ±ator? 4 * y hOttttA s [z x*>xwm*m 
ttfox^&. ttz. ma 9 1 aat^2»c7cfiB«taiffl 

7-7 9 1 b£BK»ij5K9 1 waffltiRStffiJDl^ 

S*rc^£. »Mffi»Hl GUI*. iJ^xws. 
(C7t7A (Cr) S-^sTf £ ZtlzX-o XfrhilX V ^ 
2>. 

[00 56] 02^10. l«IE3>J^-^yyX9 2 
14. HP 9 1 a£»^TAStLfc3fc£™tt=38frt 

4. 

[0 0 5 7] msZ~?4 7 wyXTU 4 9414. H4fc: 



#$tfO£&074 ?UWX9 4 aj&<W*fcKfl3*i 
-I^T*. #74?nuyX9 4ac0fttt 

(4. V4 7nU-yX9 4 a#7 X7»7h'J ^x«(cK 

yx9 4aii ^.-nmmzm^mm^X'h ~>x t j; 

<. 74 ?nl^ yX9 4 a(4. ^T**|sJ-JPttT 

&<ki>4v\ 74 ?oi^ yXTW 9 4te*stt 
2,74 7 uvyX9 4 atf)g^ij{4. Wtf y f-SWCt) 
4i>U 4fc, tSffcMtfS#JT*o > t<>J:v>. 
[0 0 58] i9 t^74^npyXr^4 9 4l±. ¥ 
frTOtf^x^lix^y/ayiSrjrf i k fcJ: Off* 
747n^yX7W9 4t4, VV-WXJh 
9 3*ftLtzmJMl>tt4 ?u)sVX9 4 ark 

ii, iP9 1 &<m*%n?ti&%h&w<zmkt&, 
[0059] 3U^~^pyX9 2, yi—i^y 

X^9 3. 74 yXTW 94. &tf$7-9 6 

a, 9 6b, 9 6ciK>jft4#*»*, iami r *ffl 

[0060] 02^0. fliacCD9 5(i. 74 
UyXTP4 94«0#747nWyX94 atCj;-?Tia 

□ 9 1 ^zm^tit^mth^y^-jv^-y^ 

fc{t5SHP9 1 atf5»jSBSW*a®tS3tifii*Wl^ * 

ct)S^® t° y ^-;w n°7 - ycr>&* 

[006 1 ] fflBiR*ftg|5W9 7«, f OP"lg|5(^ 3'J> 

-^pyX92. yp-i/yx^93, 74^ni^yX 

71^4 9 4 . RISC C D 9 5 ^^il^tLS^S^H* 
WiSatt^WLTV^. 3tfS. 57-96a, 96 

b, 9 6cti. JRttgPW9 7OrtffiHK0tttt^ixTV^ 
6. ifc. l3iBJ0liWIPW9 7^h^±, iiLf^iA 
xf- ywSTcoX^T""/ hflBSkK^fSjettk^r^ 
TfcO. >7xyNXT-x*WSTt*ftT*Bigftk=5ro 

[0062] on. msiz* 

siii, x o ^ wmmm o kfEii^4 o k $r(ix 

T . ifJP^B 3 0 it s ( a ) fefflf - ?*ftJ3$lii 
8 0 oMfts^^Mfft & k k i fc» SffiSI^Mr- 
^WF A£±0J»5&2 0-^ffi*&i-SiW«aiS3 9 k . 

(b) tBB-k>^'9 0*»fe^aWR"9 f -^IMDfcJRII"f 
SJt«T-^«JfcSIII3 lk. ( c ) *f-^tS^^ 
T7.*°>y M»«^ffiS^«lffl-t-&ei:«!tiJ^M3 2 k . 

( d ) firg&a}|!ffl3 2(CJ: 0*ai5nfex^>y b&{2 

ffiKii^ai^S3 3 k £#//e^s . 

[ 0 0 6 3 ] mffimkft%W3 214, ( i ) 
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ftm-hm%m.k ix^-^^^^mm 4 1 . 
(ii) mmt^T-ftt^ti^tuz^x. isiscfcfls 

w^n^t^ bbi>iz. YjjWzffl-t&wmftMi?-? 
fti5RVc\tiizm ttz-n<r>mzm^x . w, 1 

6b. (iv) mi«sx{ja&^m2«^xfia*^x 
tfvYmxmzwft-tbtthiz. w,m%ym& 

>y MUSgga^B 3 7 1 £W LX US . 
[00 64] !aH§£S4 0(4. (a)Stf^ 

£te^ss«x-?fsttii$4 it. ( b ) mmw. 

( c > mm^m<^^m.-fh^wshttm^mmh 
mm 3 b. ( d ) n&zixfzMfeimmmt&mfe 

&m®StiMM4 4 b. ( e ) £ titz >y h fjftM 
^ratSX;K7 ^^^^^4 5 . ( f ) ifcffi 
JRHT-^^^i-^>^ffiiRllT-^t&^^4 6 b £ 

[0065] #£H0BBrCtt> Wf-^«M8 0 
£_hfe<7) J: o lz. #1M§®£s|fi^;btfT*ii)£L7t 

^ffiT-^^aga8o^im«8^xxAi: tr^ 
& t . 3 0 zffifc-t&mn&mscDmmz 
%m?-?w®$£n8 oizftM2titzrv77j±iz ±1 
xmmi-z>z\bi>^mx'$>$,, 
[0066] jar, *mmwk<?>u?mw. 1 0 0 iz x & 
mmi ft*, meiz^ti&yu-i-x-hiz^x. 

[ 0 0 6 7 ] snb. WT^Wfl^Mtii: ix. m&^y 

^9 0y^xy\XT-y'WST^*£frri3 9. £ 

tz. mm7-?wmmw.8 0 bwm% 2 0 timmz 
tix^&i><ot-f&. 

[ 0 0 6 8 ] ^x^NXT-^'fcilifS^ftB-fe 
y-9-9 0<Z>aUj*K9 K0IHP9 1 afc^XAXT-> ? W 
STfccOffiWWMis 2&7E<£Mv-?9 1 b£T^ 

^ y h»^A stnmtz c\biz£*). ]Emz$#>t> 
atfj$*ufl*ffiis (MJSffiig) £*-^t. pp9 1 

atfDXYtiafcWEiltZttai'CS, >)XAXf-y 
W 2 4 St^LT^x; NX f-yWST ^f»J«-T 
h^blzXr). HP 9 1 a ^HffM^X YftHfcftgfK 
fflBifttoTS & t <0 b irh . &i> . #Hi6WT14 . ffi 
□ 9 1 ab^xJ^X^-iWSTbcrMMWklt. T? 
A*y YWb&k S£i I) 4 OCT) 2 ^Tcfig-?- ? 9 1 

b coffi«<o«ajts»fc:»^v^T . mm 61-4442 

9 ^*af t IK* $ *rc ^ |> v « £ x >v \ y x h 

-rt)VTy4*y\> (OT. r EGAj kV^)tSf<0« 



[0069] 06£^$*l$OTCtt, Vfflr- 

f-y 1 0 1 fcfeWt, P L^jgfflJRH^aiS 

iz. ff. XtvTI 1 ltfe^t, immW^ViV 

MMI 9fl) «ty*-^V-yPH, 

~P Hu (H8TJ4. N = 9) #X;fr|6|&tfY;fr|6lti& 

iXvhV-7zmzB&ZtiX^&. 

[0070]?l^^#. '7XAXr-xWST±(;ffijl 

ymcomymtf'ifbtih , * ix . Mmmtfft 
htihm}<wy*-iv^?-y p Hj mmfr&p 

f-^^T^tH 6* i ^JUt^^f-^;^f-> ? RST«o 

[007 1 ] mUzM*). <MZ. Xt- vTI 1 2fc*5V^ 

x. &m±>v-9o<?)W?m9i<mn9 1 
*-,w^-ypu 1 cojWft¥%PL{zm-fZ>&im 

W. ( t^-zw^-yp H, WH^ICli 3£«lAX 
±) fc^XAXT-i^WST^ttS-li-S. frfr&&W) 

±fflw*2oa*, ^xA^n-is^ait^^x 

Xf- ^'MP^l 9^^LT'>x^Xx-> > 'IE»^2 4 

{4. &ti7*-nz.®am3k (21. 22) ^aiM 

«^«Sit4«ffitiSii-fe>^-9 0 W**«9 1 co± 
ffi£-g:£-£&^<. »>xAXr-xlE»a52 4Sr^U 
T^xy\Xx-^*WST^Z«i^|6ittSiWSBirf-S). 
[0072] BLhtoJ: 0 \,zLX. MfaP)\£>tii-tW'W 
-yPH, *>ii»<o«ffl«fc:R|-r5a»*^*P Lo&ffi 

a l^, yt^mmmz^x. %m-tyy-9 o^wa 

[ 0 0 7 3 ] ; a Lfz^miWizh^x . mm 1 0 

^b-^-^A7-ypH! tzwmit:%&* 
t^-oTb-y*-;wt^-ypH*^aiitr-s>. -et 
tv m%¥%PL£jtitzm. sityt9o^ 
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-;^N°^-yPH 1 Wh<7)t°y^-;WN 0 ^-yPH 2 — P 
^. i a 1/CBJP9 1 a(C»*Sn3Weo»IIBi. IIS 

[0074] HP9 1a*3WiW3(8is 3'^-^ 

4. v4?o^yX7W9 4fcAtf-f<&3fetf> 

*£fcfcL 09fctJ^TjS»"C*SiiSJ:ot. 

®wf^wax i fcasrrs^fflt'SrSs&s. stated 

^PL ^ffiJRH^S^-Wi, H9 fctJ^rr^H 

[0 0 7 5] 7^nl/yX7W94ll #*?>f?n 
WyX9 4artfc, HIP 9 1 a?)«£, S*«9 1<0 

;nl/^X94 afcA8*LfcftO&ffi#ft!ftAX l kit 

5rf 9 nl^yX9 4 aCDftffcfcJS 

«iHW^£*^k-rSXtf>yh«#. 

ft*. V>f 7al^X9 4aCA8tLfc3fc9&ffi 

^ni/yX9 4 ao*ttkgm®03o&^-f 

[00 7 6] H7fcR»K &WC» Xf771 1 3fc*5 

ahr**?? . zcommzx vmivkmwf—? i md 

tt» *fB?-**ffl§a8 0fc^$*i*. ^ffir-^ 

gunsss o xiz s m&T-?mmw. 3 1 tm\^~ 

9 I MDfcJDafcU SfMRr-^*S»Hi«4 1 fclR&Lfc 
[0077]<J[fc, tfX;i/-f-yi 1 4 fcfcWC, tttt 

native, h«<7)ffia^ttaj-f4. 

[ 0 0 7 8 ] i<IT% HTtff5^^7 MfefiBI8WfJ«> 
KaUAtJKfc-WC, HI 0 (A) -01 3^#RgbT 

^C4H&l/0^*&£Wkl/C. dOfiB&aj?)/® 

mnmmmtt. ttz. mmmitAx-hitt 

[0079] ±M(V X o fc IX s X*r-y h«ttfc&*tr*> 
ftfck # , -JMz khm &xtfv h& I ( x ) 
fig (OT, r *;K>y hfi&Bj k^3 ) *\ &£B* 

k *ii izmtti mmt m%-mx d -c* -> fc k * t 

HL JifgiiSSilkLT. *«ffllXjSWktT£fe» 
«?flrB*r-^<0^*k*4. Ltztf->X. 010 
(A) tc*S*i*J:3(c. *#-y Y^mXiWMzH 

if&mmcomm (010(A) xn. 400a*) am 



mmtitzT-?fti5) ^xwrnizx^xnta^n 
sii^ix^, xxvhmiMXibJEmz-m- 

U&>U 01 0 (B) ^7K$ixl> J; ottZ, x^y b 
aflfflXjffififcBltS^ftwB* (010 ( B ) X 
5o£>H*> tzmt&W&r—SHrtftfB (010 
(B) tetJVYtfc^^^Sftfcr-?^) ton 

xm<c<&iz£^x$.\}izti&m.>b®x.x t \i, ^ 

«fi«Xj kttUfcSffilk . 
[0 080]-*. **-yM6l (X)«^7^fi 

s h h mm^mm. < x d + a/ 2 > -c* -> ^ k 
*M6ts«kUT. -ec7){aa (Xj+A/2) * 

^DkLTtfe^SriBRT-^w^k^S. 

oTs 01 1 (A) IZTfiZtl&XolZ. X^ybiiftB 
(Xj + A/2) ftififcfeftS^RWB* (011 

( A ) X'ii s 5 owB* ) fcRIf S BSt- ^ ^^ffi 
(011 (A) iz&^xmryy^ZtitZT-fft 

X^-yb«fig (Xj + A/2) kiEHtc-irrs. L 
*>L. 01 l (B) fc*«n*J:3fc:, x^-yb^fiB 
(Xj+A/2) #3fitt3(t^«WB* (01 1 

(B) Tti. 4ocoH*) fcRhf SB*r-^<0^ 
(011 (B) tfcv^Tff^?7^5fifcf-^4i > 

ffi) iz^xm'Lmzx-yxn&zti&m&QMx 

D {4, X^-y hfilfiB (Xj + A/2) fciiM^SfiBk 
[ 0 0 8 1 ] *3t, X^-y hlfe I ( X ) iOX^-y 

H*«. M*<^»fffiffltx d Ti, iBRo^tiB 
(Xj + A/2) T*>*<. fiS (Xj + AX) (AX* 
0, A/2 ) 012 (A) RVmi 2 

( b ) izmzti&xo ifZ. n>bmx%mzti&*x>v t 
&im (x^ax) nrnzmmmcmzm. (0 

1 2 (A) "Cli. 5-?) CLTt, ttz. flft (01 2 
(B) -C*{±, 4o) fcLTt, »aj$*lSS'MSX D 
14. X*«y h^{4B(Xj + AX) ktt^SrSttllk* 

[0082] JjLhfclJtBBbfes H6 I ( X ) <T>X 

it*; b^fiB^fiB (X^AX) tlfzt^co. iSA 

t Ltz b # ^S'tv&fc <fc-?>X;K'y h «fl[{B<0*{iJIS*^) 
S<7)X^>y bmfiB (Xj + AX) tVWMeE (A 
X) (JilT> ^^iieE (AX) j kV^d) CO 

HfiMWlm^7 hfilfiB (X 

j + AX) tCDi&MeO (AX) (lilT. rffgjfcfrg 
HeO (AX) j kV^dJ^aWb^. 013tZ^$ilT 

^4. i«Hl3C*S<i4J:5K:, «KR£cE (A 
x) (4. Ax=om^otl)^ AX^o^ioJiJn 
-tit-ah-T. *r^-f^x*iftucJ«inL. a x= (A 
/2-0) •C"^-+XffioSAk=5rl.. ZLX. ffi8M 
#f:R (ax)w a x = ( a / 2 + n > r-r^ xffliico 
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X=AtW0^j:5. ftileO (AX) 

li, AX=ofc**vvcr9*fi*oftfcT*>9. ax^o 

^T^ITf&^oftTii^U AX=A/2T0fcfc 
I). ^CiHeO (AX) li. AX^iSJp-fl. 

Ko*lt7'f ^X^-fafcigjDU AX = ATV>f "^XffllJ 

[ 0 0 8 3 ] 0 1 3*»fcW6 i 3 wKs^mmm 

lieE (AX) <0*6«€* t ^5<*SAX=0, A<0 
ftifiTtt. ^Kfi^^HeO (AX) C0«W«3&»**< 
fc-^TtJ 0 . «HR*'bift£e o ( ax ) 

ax= &/2<7)imxi&. mtmtM&e e 

(ax) co«Wffi^#<^r-5Tv^. 

[00843 4*y fflKSAittite E ( AX) Rt^«F« 
»t*3S c O ( A X ) <?)jK*-^«W<fi^-eii(J^$ < 

AX=0fcAX = A/2fctf)+ISH»*&tfAX = 

a/2 t ax= a tco^mmxn. mmrn^mmeE 

(AX) fc^tlt^iEO (AX) twffWi^t 

c«ti4ffajfi[S (jar. r «*iM2Bj fcv^o) 

f£He A (AX) <nffltW&. 01 3fc*S*l4J:3 

AX=0t AX = b/2k<7)*Wffl1£t%b%AX 
= AXi*^AX=AX 2 *"COM^ &D f AX = A/2 
fcAX = Afc<0+|SKW*-ffc;bfcAX=AX3j&»fcAX 
= AX«iT0)fH«fc*5Vvt, fflft»C?ifti£eE (A 

x ) comim^mM^m e o < a x > * o 

[0085] -r&fcfc. ffiiai, 3f»l>fiB. 

■y b moiii»fr(iB&^»MaB £ £ -r 3t a t , 

<€-WKititl»*»4>«^C&4AX<oe*@l 3iOAXtC 
*Ttttf>&. JftSeSflfcAX**, 0~A 

X,, AXi~AX 2 . AX 2 -AX 3 , AX 3 ~AX 4 . A 
X 4 ~AO£'^ffltA!>#>£fJ»rr!>o -tLX. Z<0 

wwmmno t>x'Mi>mm*'bz < 

>y hmimt Lxmrn-tz zt^xn. xx-y hm&w. 

cD&ium&z. imttffimmmzmiixztfv mb 

[0086]^fc, A XtfD^-ftfcff 3 $M<frf£M e E 

(ax) **#»m l r.M#r. o (ax) (Thwh^wwm* 



SHttS. LfctfoT, fflRftXaM, HI-MI, 

aixis^^ftB-eft-eti*^ -en^^-cfti^ 
*>«Bi£*«>& ttz. M'tmz&^xm. 

[0087] jjuji»HLfc^!K<y hmftBoMajsat 
vt, ^mmteny-y'/i-i-y 1 14 (07# 

[0088] t yju-i-y 1 1 4 Tti, hi 4 iz^zti 

B3 2c7)r-^ ; fii#fi!t^B3 4^\ mk^-mim 
®4 l^^mmT-^^n^mtx, mxnxx-v n« 

( j = 1 ) sW««3*iT^*«K*ttart-4. ****** 
««iai£*fc-5'CUL r-^^#^B3 4*^ W*. 

WW 2 ft.7tV-7Ztl?tltfAX «y h«"C*Sfc LT. 
r-^^^SB3 4* i S^X,-K>y h^cO^Srtt 

01 5 (A) IZ^ZtlX^t. tcH. 01 5 (A) iZtS 

«&l^YX*Iftlia««*/Jv«[Yj*^C*0. 7B*(X 
^T|pJ ) x 7 ( Y*|*I ) OjE^^H^T** o fc*^*« 
^SfLTV^. 4/1. 01 5(C*3V^T(4. #B*PXc7) 
X*[*I*$3&*A'C* l 3s Y*|*I*S*«AT*&i 
<0fcfC^-6. 4^. 015fcfeV^T(i. ti^Mtfc 

T\ +IBk^i ^c^H^^Vy -y f--C'^ 

[0089] iXC, Xf'yri22Cfc 

l^T. T-^^«gB3 4^\ X*|6l«j!Wf*t«T 
-^JX(X) &t>'Y^C0)»«T^T-^MJ 
Y (Y) &#fi!c-ri»„ m)»)r*t»f-^MJX 

( X ) , J Y ( Y ) <0ff*fc*fc 0 , T-^^fliff)«» 

B3 4is, t-r. mfenmmPiknw&zx'bitzMm 
a u - a > (c «t 0 sttb htitz , y •< xja^<ofi^Bfca- 

i^S. 015(A) iZtmituXJW 
[0090] s T-? J rt1Zttmm.3 4\Z, tt 

^^ftSffasLTHWf^r-^^Jx (x) 
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(X) 01 5 (B) (CSnSflTV**. 4fc. 

#^jjaeii3 4tt. «wr*t*T-*#*Jx (x) 

mjy(y) *fwr*. -a lt, mmmrr—? 
mjx (x) , jy (y) «mftt:*fc"), m^ita 

f-^MJX (X) , JY (Y) *4)/<iXjMtrtSL 

[009 1] x-?#W«^B3 4i4. ttffiL 
fci5*T-*#flifc:iJit£ , X#iWcj&-»fc*B*Wtf> 

■3KRO«bMRNY**ftS. 3r*J. 015 (A) CDi§ 
£1314 , ft*&N X = 5 &T/ft*RN Y = 5 &m> L>tl 

[00 9 2] ^LT. T-?#WM§s|g3 4t4. &*b 
^^PWff-^MJX (X) , JY(Y),i 
tffcft*RNX. NYtr-^:fli«*WR«4 2t«lft 

[0 0 9 3] 014fcM9> &VvC\ Xf >y7°l 2 3C 
*3WC N fijB«{fJSa3 2^*^IB3 5*\ T-*# 
^W6W««4 2*>^ft^RNX, NY£g^ffiU X* 

MJX(X) W»W«H«rffi^-S 1 oco^N X 1 

i o«offl»N x 2 £&srti> . *fc , ftsssa 3 5 
ftr-mjY ( x ) <oswiSffl£$srr !> 1 o«?g 

&N Y 1 mf 1 OtftfSIScN Y 2 SrW£$h. 

[0094] ZZX\ BMRNXjWSfjRTftofcfc *fc 
{4. RNXlHRNXfcifcS&t&fcfcfcfc:, tfcNX2£ 
t(NX-l) 6:95^-4. B*»NX**jffiBrC 

RNX2£»NXfc&S&rSfci:t> 
13. gCNXl^ (NX-1 ) &W£t&. 01 
5 (A) IZ^Ztl&W&X'it. *b*J8CNX=53tf>"C\ 
NX1 =5&tfNX2 = 4fcft5&3*l*. 

[00 9 5] 4*2, BSSfcN Y*«iSfl8rC*-5fe k ft C 
(4. ftNYlfcftNYfc&j&tSfcfcUZ, 

» (ny - i ) fc&srrs. mmwcNYtmrn:' 

foitztZtei, RNY2*»NYfci*J&*-4i:fct> 
fc. &NYl£$J (NY-1 ) &*3. 01 

5 (A) £5j*3*lSi&£'Ctt. i*tNY = 5^OT, 
NY 1 = 5RX/NY 2 = 4 t&M$tl& , 
[ 0 0 9 6 ] <£ LT, &5E£lg3 5#\ SWe$*lfcRN 
XI, NX2, NY1, NY2£j|Wf«titt«W4 3fc 

[0097]^3RNX1, NX2£ft*RNXOT 
soick l/0>4tf>tt, WlBtilf-WJX (X) 

fc» ftNXl, NX2*fbttRNXfcftfci£l*iif»&tf 

-t-zcna ^—?m*m-h%,<mm. m>\smr 



ttoi&kt&Thh . ztitmmcom&izx*). rn 

Yl, NY2&. ft^lSCNYOT. ft*RNYfc 

[0098] 014l3MOs Xf771 2413*3 

WC. {4S^tll^B3 2^ift^fia»tii^M3 6^\ r 
-*4MWMWHtf 4 2 a^fiWttSlT-*^ J X 

(x) , jy (y> zmx-ititbthiz^ Mffimmm 

«4 3j&>6»NX1, NX 2 , NY1 , NY2£ffc*aj 
J X ( X ) RtfjRN X 1 fcS-^V , S't^ti 

mim%.x®mxizn&-tzbb{>iz, mmm? 

- fftft J X ( X ) &tf»N X 2 (3»0% . S'D&(3 

1 on2«^xesx 2 inta-th. 

[0099] ZZX\ «tNO ( = NX1XJ4NX2) 

cof-fzim-f&iii^zii.. m.*T-?<7)mmm. 
m-XT-mmimnrnmizmz < (no-d/ 
x^«y hft^ngxaat ix, m^mzx o „ noh 

{iJ5<i4. 0tt»f, 015 (B) <0J:5^*«W«t- 
^MJX (X) Xfo*). NO=5<0«^-tJi. 

D1-D5 tf^TtftefflSfVt . mM't"&mmiH 
[0 10 0]-*, -IS^NE ( = NX1X(4NX2) (3 

^k. fi^T-^iillGSc 7 3Mlll3*3(tl»iiSfiacOT 

2mmmim<Dtt;i l zt5if& ( < ne - 2 > /2 > ffl 

h&<mfeX&S.t IX. M'LmzX*). NEfflWr- 
^c7)^l3fc(t-g»S^^a (flBtlMI) ^mtB§^ 
Wi.t4\ 015 (B) COX 0 tcMtttt^-fft^ 
JX (X) XfoKl. NO = 4W^t3(4. f-^Dl- 

[ 0 1 0 1 ] 4fe, ft^fiB^ai^S3 6«4, «Wr*f* 

f-mjx (x) <o*&k^*tU'c. mmntrr 

-^MJY(Y) aWRN Y 1 t3SO%^T . fi'l>3H3 
iOJBUt^YffiKYltJtaj-tSkktfc:, «Wf«« 
f-^MJY (Y) &t^NY 2lzm^X , S'C^ 
13 J: 0 S 2 JiSYgY 2 * . 

[0102] tt£«»wa3ai3 6tt. aii* 

gXfflaiXl, H2«5£X{2SX2. ^1«^Y©1Y 
1 . SVI 2JtgYfiBY 2 . MV'fcicN X 1 , N X 

2 , N Y 1 . N Y 2 £ «£&S%tfrf£W4 4 t3*g|frf 



(0 3) )02-20222 1 ( P 2 0 0 2 - 2 0 2 2 2 1 A ) 



2«5£XfiSX2. mm^Y&MYl. &tff&2«5£ 
Y{2gY2. im:S[NXl , NX2 , NY 1 , NY2 

X&WXlRV : m2mfeX{±LWX2fr^m%iLfz&XZ 

«££u mfeztifz&xt\ mi 3tt3^so-A 

X ls AX!-AX 2 , AX 2 — AX 3 , AX 3 — AX 4s A 

x 4 ~AcD^£Effl£A§fr£«rt£. -t 
{JSX 2 . StPP^tftSXiagXA (= (X1+X2) 

/ 2 ) <D%fr-c\ wxmim.tfmwm^j: < % 

[0 1 04 3 Sii£^>ft<&££#;i«i 
•g>Xf£5gfi[g£X;K-y Hfc«OXfiEfcLT*tt>*. 3I# 

x^<-/b«H2B»aiillt3 7{i, miftSYfig 
Yl&tfl(S2*5eYflStY2, NY 2 

fcg-3VvC, SSl*t£YffiBYK w,2mnYm.Y 
2 . SW^BEYfifflYA ( = ( Y 1+ Y 2 ) /2 ) 

ntep-c. h:coYm&imi>m^mm^<^6 t* 

^&<£Sfc#;l£>*i&YJi5£{aB£*;JW M«Yfi 

W>t>tl*l*X*r httUOXffiBAtfYfififc**-? MR 
[0 106101 4t£g9, Xf7ri 26(3*5 

>y7°l 2 7t3B*fr$-£. 

[0107]Xf77127 T'ti, T-*4HWft£§gB 

J^a. Xf771 2 6fcfcVvt#£W£f!|}&&fc5:$ 
Xf771 2 2-1 27tfWi y )MZtl. ±10 

U ^saw^x-f^ri l 5C»frr*. 

[0108] xf77i 1 5Tit. wmwm-&mw.3 
3t\ z#vbmmmiffl&4 5frL>z#vmm. 

Mm e y*-/w; y p h , £ it itimzmiik 

wmmim^b$&mzti&&zX'y mr 

^Jf^cOGSffr*-*^.?, ~ >• ir ± r) nihil & . .* n » . 



offilfc t fcfc, MJRHr-^1^^4 6 ttSttS 

[0 109] mz. Xf771 1 6(Z*5VVC« £Ttf)t° 
yjfc-/Wt*-y£IW UTJMWe^SRP LO^ffiJRHSr 

y - y P H ! {CO V to&gMX&X P Leo 

*U JWixf 77117 lzftfi~r& . 
[0 110] Xf771 1 7T'(i. «ffl-lry-9-9 0c7)m 

^«9 10HP9 l a*\ <Xcot°y^-;WN°^-yPH 

WST*»»5-fr4. ±ffl»&2 0#. 

\=Fmf 1 8 ASR ft t ft -7xy \x r- is w s T cafifc 

ftLX ^^XT-i^mSI)^ 2 4 *M»t6 £ fctci 0 

*-^^fia«tai* (2i. 22) co^mmzm^ 

X. h°y^-;^^-yPH 2 cob°y^-;i/^M$ 
ixSllMH^ffi-ty-f 9 0com^U9 l<r>±W£-W:Z 
-a:S^<, ^fcJCtT, ^XA^r->-TOg|52 4 £ 

[oiii] *i/c, ±fBcot°y^-;^^-yPH 1 
«*^i:RaMcUT, K^^PL^ffl)RII*« 
LT. ^ffiUXH^JSlS^i. ey*-;w« 

[0112] vm. iMitmmzix. £toey*- 

awt k i> tz, «ffiJDm'r-*«WHH#4 4 

2. . z 0 lt^t wty*-;w?^-y twi-sts»* 

^PL^ffiJRH3&«$^i:. Xf771 1 7lZ 

ts^ximmmztfKztiz. tlx. mmms3 9 
2\rj®mz>« 

[oii3] xf77i 0 2x\i. mvmk2 0*\ «| 
mm.3 9fr^m&*i\tdmmim%T-'?wFMz 

rr* s ifls-r * . z\m\%m^.mx-hh^ 

i$\,Z\±, »'Xf>/71 0 4fc»4fr5. -7j. 
j&«S«WT*4«^fc:tt, »ixf771 0 3t»ff 

•y 7° 1 0 3 tSB5ff Ufc fc L*C . JSlTW»»W*ff 3 . 
[0114] Xf771 0 3X'\t, ±tt»*2 tft 
^^PLco^fflJRHc7)S!l^Mmt*^#. 



(3L4) )02-20222 1 ( P 2 0 0 2- 2 0 2 2 2 1 A) 



T(i. A#fcJ:9^3\^PL^yXxw<yhco 
x YTffirtTV)^«j^p yXii/^ y bcD^mZ'+r o z\ 

[0 115] B\$m%. ff)V-^>\ 0 llZ&^X. 

mizLxmfcZtih* xf7rio2fcMt 
%.m%ymmztiz> t x\ p LcommwM 

<DW& (Xf77103) h . ^ffiJRHc^ailS (^r«y 

ri o i ) *«Dji$iii.o -etr, xt'yri o 2fc 

4£iWI>. 

[0 116] XtvTI OAXU. W-byt9 0^^ 

OCDMfflcoii tx\ ^m^<nvi-? )Vv-nzk d , & 
[0 117] &(.;:, Xx-yTl ostfcwc, ±mm& 

2 o c^jpcot i: x\ mytmmmm\tf'frt>tiz> . -r & 

^-^^muii^^r^^y^ st:r 
^ * y hWA s ^ffiffl itzK-x ? a ym&wjn 
m<mmmtfftbtih* ttz. v^mzm-h&x, 
am 2 m nimcomytx'fo h t # tea . mum* fix 

mmt&tzib. tja *ymwMAs*®.muz±M<D 

E GAfflKc J: 0 , ^xMW±fcfe{tS y a h W> 

[0 118] &^X\ X*rv7l 0 6fc*5WC, 

XYfira*\ -)XAW_h«iD(7)yg «y T-fg$ (7r- 
• y 3 v b ) OJS^fcft^CTBtttiBfc^Si 

1 9&tf^XA*T-yS^^2 4t££tfLTlT*>*l 
!>. yf-?/URtf)XYfta#. »!fi$ftiafc 

ifir&idfcs l^?/l^f--y'RST#M£flS. i 

[0ll9]Kl:> ^f-y'MfP^l ±»^2 

oa^^tjet-t. ^7*-*xcaBftaj* (2 



i-7)U=F-mi 6l,zX^Xtm^tltz\y^^JVR^XY 
■tf>lHS&fTV^>o. l^?;WRfc>7XAWhSrffl*r?£ 

[ 0 1 2 0 ] 1 0 lx . mums 3 v MRWcoitae** 

hit. Wf-^/l/RWXYfiSfc&s, SSEHB&ffitfcfc* 
<7)^3«yMa«i:R«tLTffi3ii4. SSL R«tL 
[0121] %LX. Xf»ri 07(Ct3V^T. 

[0122] £ia<o^xv^K*fc:tJV^{i, Xf77 
10 1-10 3 P L fcW-r S ^ffiiRHcoiJ 

4-107 iO^XASS^^H^ff^ixl. . 
[0123] VlkWtW Uz£ o #Hfl0BK£ Jft 

c^a&t/ffi»c^afc*v , t =t & 
iiht, x^-y bmcDmmm^^^x-fo^xh. 

[ 0 1 2 4 ] X*T-y h«^)fia^tii(Cffiffl$^«» 

[o 1 2 5 ] fli^jft^hi^i^&fc^i^ftf 
^icox\ x#-y b&coGLm&ttm8 : <m}irt-&z\bff 
[ 0 1 2 6 ] «»t^a. fflRs^fiE. m 

mMQM&iRtb&ziblzkiO. x^ y hm^&M^tH, 
\&thz\btfX'%k. 

[ 0 1 2 7 ] 4fc, »«JK*»4>*lfcXjK «y h^fia 
SrfflV^^^^PL^ffiJRM^^aj-tSOT", S 



(fl 5) )02-20222 1 ( P 2 0 0 2 - 2 0 2 2 2 1 A ) 



I. 

[0128] ttz. mm < sub htitzim%&& p l 
a»$ tih cox\ mm* W -y £ »>x^w(ctt«ji < 

6 b%x. &*i4B*r-? LSr^TB*^*!* 

T-ftm&jmzm^xmm Lx&&m<nm±mcm 
mfrb&zmwwmmiz b&z\biz±<). mwf 

&. «WW«r-^^fctJft*#li 

WO= ( PA-PS ) / (A/2 
WE= (PS + A/2-PA)/ 
PD=WO • PO+WE • PE 

[0132] liLho ( 2 ) - ( 4 ) a-caaisju** 

>y b«{aaPDC0mOX^-y b«ffl!E3&>^<0gUle B 
HI 6t:iii^(l JtR^feAfc. SftS'CvftH<0Jt<0 
X*°>y hfgHiBtf^ISMe E#\SJrC^$ftTV^ 0 

i<oiai 6*»<5>fl*J:afc:s < 2 ) ~ ( 4 ) sStJMiS 

[0133] <<fS2«*j»> OT. *?mm2<r> 

l»$gtf)83^B lOOi: H«0XUIJS£ W LTfc 0 . ± 
$<OH5^:B(t&T-?#^ft^B3 4. &SHB3 
5. «SfiK^aj^M3 6. ztfv h«&a*ai§S»3 
7C0f£ffl. -t&fc-fc, 014^77/12 2-1 2 5 

x\ frfr&m&mz±izmsix. arfcts^x. *n 
wm<7)Wft*'no. ^mmmmcowmzhf^ 
x.mi commmtm-xtemcD^mizim-co® 

[0134] ot, *H5t^ffi^s^a i o o iz x h 
wmmwm-h. 

[0135] ^mm&miz&^x «> . as 1 nmmrnt 

WimzLX, H6 WTVU-f-yi 0 1 

1 1-1 1 3#SSffS*u M£fflW"f-^;KOn- 

h- (xt>y7i 1 1 > , tm*yv9O0)&WM%fiL 



[0130] ttz, *mwmx'\t, msM-mm.. & 

Z\,*b%i.t>ti&im®.%Z-$*>&z:blz£t). 
{2B£$ft-f £ c\bt>X'%Z>. ~f%bh , 

[ 0 1 3 1 ] £ 0 Lfcfi*tiOT*&fiBP D t LXit. 

mm^A. ffl»&fiaiPo N fflRS'WaapE. 

S'&ffiaPA (= (PO+PE) /2) . $t£<[tl 
P 0&tflH»»&fiKttP Ej&tfiPittSBtRcolBJ*** [ P 
S, PS + A] <7)$mX'fokbLX, <X<?) (2) ~ 
(4) rttSWfiii:*^**. 



) 

(A/2) 



(2) 
(3) 
(4) 



(xf7/i 1 3) &mT$tLi>. ztx. ■r/nr-^- 
y 1 1 4£*3iv<:. x^-y hflKofflasas^iT*)^*. 

[ 0 1 3 6 3 -fTVW-f-y 1 14C*$WCtt. g& 1<7)H 
^"f . Il40Xf77l2lt:^ 
T . ftBtfctt^a 3 2 tOr-^^W^a 3 4 #\ « 

tJC0X,1f y MR ( j = 1 ) 3WgJS$tl"CV^6<g«**aj 

7 (A) fc^S^TV^. 
[0 1 37] H14^M0. <KC Xr>y 7*1 2 2tt5 

-wjx p tx) <p = i, •■■) aixY^rifiiojiwf 

«ff-^MJY, (Y) (q=l, -) 

s. frfr&mmmr-?mjx t (x> , jy 

, (Y) o^(;$)^0. r-^^ : ?iJ^fiS;ga3 4ti. 

$ , C*->fcB«t»ffl'f*. i^fem, HI 7 (A) cr> 
fflSr- ^ ^flr«i ^oxA 7 f$ JifcBSR&tf S' y / 
;W n -y f - $ fifeB*oB*r- fWHOUZtUzbabt 

[0 1 38] f-3'M«il3 4li, 

(mm. 4M) £Lt?mLx&A,x'^mmmteiti 
•tt. zix. thfcztitzmmmzmmmT-fft 
mmtt%T-?mJx v (x> (p=i, ••■) b 

■ft. HI 7 (A) £iJWCJ4, Bf«^BMIJ2U:<o^S 

$ -c* o tz mmm mxkjtm 1 x # x/o ^ s b*?ij 

lis Xifcf^SLX,tt, SLX 2 W, &t/SLX 3 
tfctrJtto^ffi^lT-^^. ,*C7>^# I5<!1 7 (R> tr^K 



(H 6))02-202221 (P2002-202221A) 



zti& slx! wtc^-?3t 5®<ommn(ommT-?ft 

ffiJXi (X) .017 (C) fc^§*l6SLX 2 «|fc& 

~>fc5mcommmcDmm-T-?ttttJX2 (x) , rv 
mi 7 (d> iz^tihSLXM^^^mcomm 
mcomm?-?MfiJXz (x) #\ imtt^-fft 

^jJX p (X) fcLTfft^S. ifc, r-?W£ 
^M3 4«. )Bt»f^T-^^JX p (X) <D*§£ 

[0 13 9] T-?#«fr££»34ti. 

ftfc)Wri«Kf-WJX p (X) *;h.<f*uoB*ft 

n x p s mf . fenfcjwffita-r- j y 

, (Y) *ft^O®£&NY q ^^.(f, 01 
7 (B)~H17 (D) fctJttSHSRRNX!, NX 2 , 
NX 3 lt r 5, 5, 4jt*i. 
[0 14 0] -eLT, T-?#fliffcSgH3 4U;, 
t>tltzWffittm-T-7ft!5JX e (X) , JY, ( Y ) > 

mizmjzm x p , n Y q i?-fMsmM*4 2 az 

[0141] mi4izm*). JfcWC* Xf771 2 3fc 
^W&tt«W4 2*>t*bMaNXp, NY,*K»ajt. ^. 

mjx p (x) -efL-eh.w»»r«5H*a£-r4io 

«0SfiRNXl p Xlf loOflSlfeNX2 p *^f4. i 
fc. &5£gfi3 5te. X*?>y M6<OYffig^aifc*5^T 
ttffl^ JH*T*f*T-?#*liJY, (Y) Ztl<?tW 

mmmzmfctz 1 oc^fscN y 1 q ay 1 oco«c 

[0142] z\z\x\ mm$wx t tf : $i%x'&^tzb% 
iza. mxitZmx^zm&t&bbMz, mux 

2 P £§£ (NX,- 1 ) -If. li*iitNX p 

#«H8rC* -? t S tcti , IS N X 2 P £!& N X p fc&jg-f 

SkktC f&NXl p £i5t (NX P -1 ) fc^Jg-f*.. 
ifirtJ. HI 7 (B) fc*3;h.4»Wr*t*f f -*4H&JX 
1 (X) Xit. MX.mx 1 = 5%CDX\ NXl, = 5R 
l^NX2i = 4kj»KSil4. 01 7 (C) ^ 
S*l£JJWr^r-*#ftiJX t (X) T1±. g*i£N 
X 2 = 5&tf)T\ NXl 2 =5&tfNX2 2 = 4fcift£3 
mi 7 (D) K^£*l£ftW#fiT-*#fljJX 
3 (X) ft*ifcNX 3 = 43:W\ NX1 3 = 3S 

tXNX2 3 = 4i:^$n-&. 

[0 143] ifc, IiSNY,«tl)^/^ll: 

(±, »NYl,t*NY,tjfcJ&t6kfctfc. SNY2 
q £ISC (NY,-1) tiW&tS. B*RNY,*« 
mX'h^tzt * »N Y 2, Y q 

yyui? »NYi.*»(NY-n.(.-»*t?.. 



[0 1 4 4 ] *LT> i&gg*3 5*>\ fcje§ftfcRN 
Xlp, NX2p, NY 1 q , NY2 q HWf®l8*riS«4 

[0145] H14tM'3, Xf7712 4(:6 

nx\ {aa^tii^s 3 2 <m%mm3m. 3 6 r 

~^^WSWm*S4 2*>i,»lfflilf-mJ X 

p (X) , jy, (Y) fcKaHtt-fcfcfcfc:, nmfBtSM 

«K43*»fe»NXl,, NX2 P , NY 1, , NY2 q £ 

&r-?ttitij x p < x ) &tf»N x 1 p izm^x . m 

tf-^**jx p (x) rfcwiBittsxffiBxip* 
sas-rsfcfckfc. swtf-^MJXp (x) a 

x2 P ^sai-ri>. 

[ 0 1 4 6 ] «£{5BS:ajgB3 6(±. mm*. 

f-WJXp (x) con^fcRSitL-c. mmm. 

f-^MJY, (Y) »tf»NYl,te3|-3VVC. 
££iD!tU$i£Y{iKYl q O^-§i:fcU^ » 
*f*t*T-^»*JY, (Y) St/tNY2,l:I^V^ 

x . «t 0 «wf«*r- 9 m j y, ( y ) r 

«8S 2 JtSS YftBY 2 q £*{frt- § „ 

[0147] -f-LTs mmimMinmm.36it. mim 

SXfiBXl p , m2«SXfi[BX2 p , ^lSSYfiB 
Yl 9 , ai>'m2ttSYfiBY2 q , MW^icNXlp, 
NX2 P , NY1,, NY2 q £*l£ftSt&#HSW4 4fc: 

[0 148] 0141CMO. <KK, Xf771 2 5(;fc 

v^t. -eB^ai^B3 20>x#v h«<aB3raj§§B3 7 

li» «Sift{if8tt«W4 4 iphm 1 ItSXfiBX 1 p , 

^2s«xfiBX2 P . mi*^YfiBYi q . mm2 

Jft^YfiEY2 q . Mt/tNXlp, NX2 P , NY 1 q , 
NY2,£»*aJU X>Ky h^XfiBat^YfiBSr 
fftK^S. M6^XfiBatXY{iBO»ai 

tt/^t, x^»/h«fiBmaiSB3 7{i. *r» m 
mtt&T-?ftifiJx t (x) rh^, ^ltftsxfiB 

Xl p at/m2ftSX{aBX2pMt/i!cNXl p . NX2 P 
Izm^X. Sll«SXfirBXl p , H2ftSXQBX 
2 P . at>'¥%«SXfiBXAp (= (Xlp + X2 p ) / 

2)m&x\ z<vxmMm.tfmi>wm i 'j?%<%& 

k%t$>tihl>cr>X'h&fr*W%.1r&. ZLX. ftt>^ 

-mjx, (x) rttf^flwwaxfflixopfcfc 
-et-c. ssf^f-^jx, (x) *ti 
?ti<mmw&m%T-?<omFizmtx . 5 ^ 

xo p (?)S»Wt ;! F^*JWJ't&ifcfcJ:0. 
^xfiB^*^^. 

r n 1 4 q i ^1*^* xjk<v hMWSnrrti^a'^ 7 



(% 7) J02-2 0222 1 ( P 2 0 0 2 - 2 0 2 2 2 1 A) 



i±. HliBEYffljtYl,ftW(S2«jeYttEY2,ifeV 
tRNYl,, NY2,dW^t, Xitf>y h&OXftB 

* . * lt , vim y o , *ft.«i0>*»jw& 
®m&m*t LTffl»«t£YfiaYo,<os*#w 

l>. 

[0 1501^7 bti£iBgai§§a3 7 Si. id LX 
*K>$>ftfcXsK»y h«<OXfi«&tfYffiI£;**»y h« 

C015U ot. m i (ommmmcom^t mmiz i 
x. ±xcDxx-v h«ofiH£*aiu mrh^s 

»*?*PL<o»ffiitensrfi*$-ii-s. *uc, mm 

[0152] J2U:IHHtfc J: 3 fc, *Hft«iBfc:J:*L 

vh&?)W£m.tLx. m^mmmt^mmmuz 
§(7)«»cvfiKt*iicaj-rs. ^RscvfiBa 

jtseas^ft, fflS'JissiB-efLm^tt 
»/ b «<^m* ffla3&»ofs*a < «aj-* sit 

[0 15 3] maSJti8IBfcttlK£« x#7b 

fcfcoT. y^X]/<;UT'*ftfc#;t£>*iftH#7 ; '-? 
Sr$fflL&VW\ XjK.yh«<^a£»«J|<8Kfi-f 

[0 1 54 3 m^j£##***iSfc#x.&;fT.ST 

\^cox\ x,-K7 h«co©a^»E^ < &ai-rft zttf 

T'# ft . 

[0155]**:, «»MMB. fl»M£B, 

[ o 1 5 6 ] 4 fz, mwM<m>htuz^y 
m^x^K¥&PL<?)mmwmnii! l i-&<7)x\ & 
wgerp L<D%mjmm8L&<stbz>zttfX'% 



[ 0 1 5 7 ] Ztz, hiXtz^it^P L 

f- ? /PR tUzYSifeW - y*^x; \wa®fc 

[0158] ^mtmmx'iz. jAxv^vxh 
htUft titihwm^r-fztm i^x-mmicom 
tzztizx*). xxvYto<mw6mz®mztihm 
ttmzm&mmt&T-tftmfti&itetf, mi 

•9X WMLx&*m.<omMcom%frt>f8.z im<m% 
ncom t&zibizxr), m%.ii&\izmtz>wvffl&T 

[0159] 44titimrc& mm'CMm. m 
saiti«£*Kfj t^*\ ^ii'Miai:«S'ii^at 

OS»ftft¥^**{iJ-f&«ltfc«J:0, x^7hM 
[ 0 1 6 0 ] fcfe, _hl2cO#^fi^T'(i. ^»^fit 

[ o 1 6 1 ] _hieo#nsfi^®T'(i. mm^T 
-?ftm*bmcBafmmzmit:2~D<?)m'fem*#> 

\zmttz. 2 owjtsfi^BBn^wflk^^rr s i t iz%i 

[oi62] ±Mi<o&mmmx*te, mmtitzAXv 

XX v b&cO±ZZtf^ibmfcX%?>mrlz\i. ^co± 

[ o 1 6 3 ] a*:. ±M^mmmmx'\i. pj^ffli^^- 
mimnffimmzm tx . m zmm-t ft i t *^tg 

Mc7)SIS«JK(^tT^S-tfti k*^rigT*ft. 
[ 0 1 64 3 ±fe<^St»»Ttt. «3tK*fc-3 



(SL8) )02-20222 1 ( P 2 0 0 2 - 2 0 2 2 2 1 A ) 



^* t ft 4 * 1 T i 4 V k li*rtfrC* t . 

T77 • 7>H • Xf77- • TVY ■ Xt 

[016614*:, ±iEHJ6«3rm. *3^atcfcft 

[ 0 1 6 7 ] § t>tz. yt¥&cr>W£9tMW\-X'fo-oT 

[0168] Xtf>S®> ftC, ±iB0>3SJ»BB 

[0 1 6 9] 01 8te, fA'^ (IC^LSItSW 
?&ft^*/K CCD. II^7h\ V 

4. 01 8^$ft&4 3£. 41\ x-f >y7°2 0 1 

H^^^O^^-yfSftSrff-?. Xr>y 
7202 (?^^»Xf77) fcfeWC, ftff-Lfc® 

7°2 0 3 (?x;\SSBtXf"yT) fctJWC, y'J^yf 

[OnOliW^ •X-f>y7°2 0 4 ( ^X^MflXf y 
7°) fcfcWT, Xf-y7°2 0 1-Xf77203tfflt 

/77< S»C iot 7xy NiiKHHtOBSP??: 
h. 772 0 5 (TAMXffljtXryT*) 

fcfcWC, Xx>y7°2 0 4(:ioV^-CMa$ii*: , 7XA$: 
JBV^Tf-yTflrt-i. ;^Xx-y7°20 51:11 Tvt 

[0171] ftftfc. Xf77206 (M^f77) 
fcfcWC, Xx-y7°2 0 5Xfm^titlT^ *cr>mW 
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